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INTRODUCTION 
Almost every aspect of life is deeply associated with the 
plants. The three great necessities of life - food, clothing and 
shelter and a lot of other useful products are supplied in great 
part by plants. The food which is of prime importance for 
sustaining the life, comes directly or indirectly from the plants. 
Vegetables comprise a complex group of edible plants with 
diverse forms of reproduction and propagation. They are rich 
sources of certain essential vitamins, minerals, proteins and 
dietary fibres which provide additional calories. Of various 
mineral elements, calcium, iron and phosphorus are required in 
large quantities and vegetables are known rich sources of these 
elements. Iodine and sodium are also supplied by them. This is 
what makes them superior to food materials of animal origin and 
it is the reason that in countries like USA where animal protein 
and milk products are in abundance, the annual consumption of 
vegetables per capita is almost five times of an average Indian. 
By the year 2000, India's population is expected to be one 
billion requiring more than 110 million tonnes of vegetables. 
India produces the largest variety of vegetables. Vegetable 
production appears quite impressive in that India ranks next only 
to China in this regard - around 51 million tonnes from a 
cropped area of 4.5 million hectares. However, the daily per 
capita consumption of vegetables in India is only 135 gm which 
is much less than the requirement of about 285 gm for a 
balanced diet. The National Commission on agriculture has set 
the target of 149 million tonnes for vegetable production by the 
year 2000. For increasing the productivity and improving the 
quality of vegetables required for the national and international 
markets, proper attention is now paid at difTerent levels, and 
basic infrastructure facilities are being developed. 
The radish (Raphanus sativus L.) is a small genus of 
annual to perennial herbs distributed chiefly in the mediterranean 
region. One species R. sativus L. commonly called as "Mooli" is 
cultivated throughout the world for its roots which are used as 
vegetable. 
The radish is cultivated in all parts of the country and is 
a winter crop, though there are some indigenous types that can 
be grown throughout the year. There are certain regions in the 
country, for example South India, where radish is cultivated all 
round the year. The main season for sowing in the northern 
plains for indigenous types is from August to January. 
In India a large variety of vegetables belonging to tropical, 
subtropical and temperate group are traditionally grown and 
consumed as the majority of the country's population is 
religiously vegetarian. 
The radish comes to harvest within 30-50 days of sowing 
and is pulled out when the root reaches edible size and is still 
tender and crisp. The radish is eaten raw as salad or cooked as 
vegetable; it is much relished for its pungent flavour and is 
considered as appetizer. The leaves are also eaten. The 
characteristic pungent flavour of radish has been attributed to the 
presence of volatile isothiocyanates (mustard oils). 
Radish is subject to very few diseases and pests in India. 
Root rot caused by Pythium aphanidermatum Fiitzpatrick is 
reported to attack seedlings. The cabbage black ring spot virus 
belonging to turnip virus I group is reported from Uttar Pradesh. 
Aphis gossypii (Glover), Myzus persicae (Sulz) and Brevicoryne 
brassicae (Linn.) are reported to be the vectors. The mustard 
saw fly Athalia proxinia, which is a pest of the nurseries of 
cruciferous plants is said to cause severe damage. 
Radish is credited with refreshing and depurative properties. 
Radish preparations are useful in liver and gall bladder troubles. 
In homoeopathy they are used in neuralgic headaches. 
sleeplessness and chronic diarrhoea. Roots, leaves, flowers and 
pods are active against Gram-positive bacteria. The roots are said 
to be useful in urinary complaints, piles and in gastrodynia. A 
salt extracted from roots, dried and burnt to white ash, is said 
to be used in stomach troubles. The juice of fresh leaves is used 
as diuretic and laxative. The seeds are said to be peptic, 
expectorant, diuretic and carminative. They also contain mustard 
oil, sulphoraphena and exhibit antibacterial activity against 
Streptococcus, Pyococcus, Pneumococcus and Escherichia coli. 
The seed cake is rich in proteins and appears to be suitable for 
use as manure. 
Radish is a good source of ascorbic acid and supplies a 
variety of mineral salts. Leafy tips of radish are highly 
nutritious, being a good source of vitamins and minerals. These 
are the richest source of vitamin A among the leafy vegetables. 
The leaves of radish are a good source for the extraction of 
protein on a commercial scale. 
During the course of survey of virus diseases of vegetables 
in and around Aligarh district, a disease of radish characterized 
by mosaic, mottling, leaf crinkling and chlorotic and necrotic 
lesions followed by systemic necrosis was found to be of wide 
occurrence. 
In the present investigation, an attempt has been made to 
identify the virus causing mosaic disease of radish. R. sativus on 
the basis of symptomatology, host range, transmission, biophysical 
properties, purification, morphological characteristics of virus 
particles, some physico-chemical properties, ultrastructural studies 
of infected tissues and serology. 
REVIEW OF LITERATURE 
A mosaic disease of radish was described as early as 1924 by 
Kttlkami from Poona, India. Ehiring the early stage of infection the disease 
caused mottling on leaves, stem and pods. Later on, the symptoms 
consisted of blanching, blistering, distortion of leaves and the pods, 
checking of flower and fruit formation and stunting of the plants. 
Ogilvie (1928) reported a mosaic disease on wild and garden 
radishes Raphanus raphanistrum and R. sativus respectively from 
Bermuda. The disease cause distortion of the leaves, often with the 
production of blister like areas. 
Dana and McWhorter (1932) recorded a mosaic disease of horse-
radish from Washington. The disease was transmitted to turnip and 
mustard where it produced a mosaic similar to horse radish. The plants 
became dwarfed and many died within a short time. At digging time the 
plants were dwarfed and yellowed. Roots averaged small, had rough, scaly 
surfaces and were unsalable because of pithy textures and frequent dark 
streaks. Root cuttings of diseased radishes were potted and forced at 
different temperatures. The young leaves exhibited a prominent mosaic 
like mottle, characterised by interveinal pale green areas, interspersed with 
dark green. Old leaves developed black elongated lesions in the epidermis 
and outer cortex of the petioles. The foliage was more or less stimted and 
leaf blades were strikingly segmented in a fern like manner. 
In San Francisco, Bay Section of California, USA, Tompkins (1939) 
found the occurrence of a mosaic disease of radish. Irregular shaped 
chlorotic lesions were developed on diseased leaves and later on they 
developed into a coarse mottle on older infected plants. The normal dark 
green tissues appeared as irregular shaped non-raised islands on a 
yellowish green chlorotic back ground. The virus was readily transmitted 
mechanically to Chinese cabbage, sprouting broccoli, cauliflower, 
kohlrabi, black and white mustard, Chinese radish, lambs-quarters, 
sowbane, spinach, rockek larkspur, N. glutinosa, N. langsdorfii, N. 
tabacum var. Turkish and white Burley in addition to several cruciferous 
weeds. The virus remained infective for 14 days at 22^Q. and it lost its 
infectivity by heating at 68"C for 10 min. The virus retained infectivity to 
a dilution of 1:14000. Aphids (Brevicoryne brassicae, Lipaphis 
pseudobrassicae and Myzus persicae) failed to transmit this virus. 
Severin and Tompkins (1950) studied the transmission of radish 
mosaic virus by aphids. The virus was transmitted in a non-persistent 
manner by Brevicoryne brassicae, Rhopalosiphum pseudobrassicae, Myzus 
ornatus, M. persicae, Aphis apii^. gossypii, A. rumicis, A. 
ferrugineastriata, Cavariella aegopodii, Macrosiphum pisi, M. solani and 
Myzus circumflexus. Percentage of transmission with the aphids given pre-
acquisition starving was higher than with unstarved aphids. The aphids 
remained infective for three hours after the feeding commenced. 
Kasai (1950) reported the transmission of mosaic disease of 
Japanese radish by single aphid {M. persicae) feeding for 5 minutes on 
diseased plant and for the same period on healthy plants. Pre-acquisition 
starving of one hour greatly enhanced the efficiency of the vector. The 
aphids retained infectivity for three hours but not for five hours. 
Takahashi (1952) reported the occurrence of rod shaped particles 
105-120 X 25 nm in extracts of white Icicle radish, tender green mustard 
and shogoin turnip, infected by radish mosaic virus. 
Raychaudhuri and Pathanian (1955) described a mosaic disease of 
radish, which was first observed at the I.A.R.I., New Delhi, in 1957. The 
disease was accompanied by necrosis and stunting. The virus infected the 
plants of family cruciferae only. The symptoms consisted of mosaic 
mottling on young leaves often associated with circular interveinal 
chlorotic areas which generally increased in size and finally coalesced to 
form irregular chlorotic patches. The affected plants had reduced leaves 
and were stunted. The virus survived at 85''C but not at 90''C, at a dilution 
of 1:10,000,000 and for 17 days atl7-22"C and 101 days at 6-8T. The 
virus was not transmitted through seeds. 
Horton (1956) made a comparative study of radish mosaic viruses, 
viz. RMV-1 and 5 other radish mosaic isolates, RMV-2-6 with known 
strains of cauliflower mosaic virus (CBV) and turnip mosaic virus (CAV 
and CBRV) on a number of hosts at constant air temperatures of 6"C and 
28*'C. RMV-1 and 3 produced persistent vein clearing and yellow vein-
banding on radish. All were transmissible by Myzus persicae and 
Brevicoryne hrassicae. 
Shirahama (1957) reported that radish mosaic disease caused 30-
40% reduction in yield of radish in Tokyo, Japan. Infection occurred at 
seedling stage, symptoms being masked by low temperature in autumn. 
Radish mosaic virus was neither seed borne nor soil borne, and was 
usually transmitted by Myzus persicae, Rhopalosiphum pseudobrassicac. 
Insecticidal sprays and mixed culture of radish with rice were suggested 
as control measures for disease. 
Radish mosaic disease (Shirahama, 1957) was believed to be 
associated with cucumber mosaic virus infection. The purified virus 
preparation when examined under electron microscope revealed the 
presence of rod-shaped particles of approximately 12-13 x 650-700 m i^. 
Chenulu (1959) studied turnip mosaic virus isolated from horse-
radish at University of Illinois, U.S.A. Chenopodium amaranticolor was 
found to be the most suitable host for assaying the virus. 
Duffus (1960) reported a yellow disease of radish named radish 
yellows. The disease was characterized by yellowing of the foliage. 
Species infected with the radish yellows virus showed interveinal 
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yellowing of the lower and intermediate leaves. Radish yellows was 
incited by a persistent aphid-transmitted virus. Aphis helichrysi, 
Macrosiphum dirhodum, M. granarium and Myzus persicae were the 
vectors of the virus. 
Yamaguchi (I960) studied the viruses producing mosaic in radish, 
in Central Region of Japan, Cucumber Mosaic Virus (CMV) was identified 
in 13 of the 20 collections while radish mosaic virus was isolated from 
one collection which also contained CMV. 
A comparative study of several radish viruses in parallel 
experiments with known turnip mosaic virus and cauliflower mosaic virus 
group was done in an attempt by Horton el al. (1961) to elucidate the 
relationship of radish mosaic virus to these groups. 
Kou (1961) described a mosaic disease of radish from Taiwan. The 
symptoms included a systemic vein clearing and general mottling. The 
virus was inoculated mechanically to radish, Chinese cabbage, Chinese 
mustard, swede, turnip, white-Burley and Turkish tobacco, Nicotiana 
glutinosa and N. rustica. In greenhouse it was also transmitted by 
Brevicoryne brassicae, Myzus persicae and Rhopalosiphum 
pseudohrassicae, but not by seeds. Longevity was between 48 and 72 hrs. 
at 20-22''C, thermal inactivation point was 55°C and dilution end point 
was 1:3000-4000. 
11 
Joshi (1962) studied a mosaic disease of radish which produced 
symptomless, local infection on N. glutinosa and N. ruslica. Infected seed 
beds of stock (Matthiola mcana\ candytuft (Iheris sp.) and sweet rocket 
{Sisymhryium sp.) were the reservoir hosts. The virus was transmitted by 
Aphis gossypii and M. persicae in a non-persistent manner but not by 
seeds and was identified as a strain of cabbage black ring spot virus. 
Joshi and Bhargava (1963) recorded the natural occurrence of 
cabbage black ring spot virus on Brassica Juncea and Lepidium ruderale 
(a pereimial weed in parts of Kumaon district) besides radish. Removal 
and destruction of this weed (L. ruderale) and self sown seedlings of 
cultivated crucifers (which harbour the virus during unfavourable periods) 
were recommended as control measures. 
Campbell (1964) isolated a virus from turnip in California and 
proposed the name, radish mosaic virus (RaMV) because of the 
similarities to the radish mosaic virus of Tompkins (1939) in host range, 
host reaction, physical properties and apparent lack of aphid transmission. 
This RaMV was serologically related to bean pod mottle virus, Arkansas, 
cowpea mosaic virus and squash mosaic virus and it had polyhedral 
particles, 30 ma in diameter. No serological reaction was detected when 
RaMV was tested against antisera to 11 other viruses including turnip 
yellow mosaic virus and turnip crinkle virus. 
12 
Li and Cheo (1964) recorded mixed infection on radish. The viruses 
identified were two strains of turnip mosaic virus, two strains of cucumber 
mosaic virus and a virus causing ring spot on Nicotiana glutinosa. Of 68 
isolates, 20 from 10 field specimens were found to be mixed. The two 
strains of cucumber mosaic virus and the ring spot virus were not 
transmissible by sap on Myzus persicae to Peking cabbage, radish or 
Chinese rape while cucumber mosaic virus strains and the ring spot virus 
were infective to radish only when inoculated simultaneously. 
Campbell and Cold (1967) studied the transmission of RaMV and 
found it to be inefficiently transmitted by Phyllolreta sp. and Diahrotica 
indecimpunctata. 
Tochihara (1968) reported enation mosaic virus from Japan. 
Symptoms developed were enation mosaic, necrosis and distortion of the 
leaves. While turnip developed necrotic local lesions and systemic mosaic. 
Necrotic local lesions were produced on Chenopodium amaranticolor. 
Petunia was a symptomless carrier. The virus showed some similarities 
with radish mosaic virus but differed in its symptoms on radish and lack 
of infectivity to tobacco. 
Stefanac et al. (1971) reported the occurrence of a strain of radish 
mosaic virus on turnip from Yugoslavia. Yugoslavian isolates resembled 
the type strain in host range, symptoms, physical properties, particle 
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morphology and transmission by Phyllotreta undulata. It was serologically 
related to the type strain but did not infect radish and was designated as 
European strain. Characteristic inclusion bodies were seen in the 
cytoplasm of infected turnip and some cruciferous spp. 
Honda and Matsui (1972) observed the masses of radish mosaic 
virus particles on the interface between cytoplasm and vacuole or in the 
vacuole under electron microscope. Within tonoplast the virus particles 
were aligned on multirows. The virus particles were also seen in 
plasmodesmata across the cell wall. 
Hooper et al. (1972) reported the development of enation at the 
flowering time on the under surface of leaves in Chinese white winter 
radish plants infected with RaMV. Virus like particles, 24-26 nm in 
diameter were present in chlorotic tissues or near necrotic spots in enation 
or other areas of leaves. 
Mamula et al. (1972) reported the radish mosaic virus for the first 
time on turnip from Hungary. Swede, cauliflower, Brussels sprouts and 
Sinapsis arvemis were recorded as natural hosts in Yugoslavia. The 
isolates from the two countries were serologically similar. 
Shukla and Schmeizer (1973) studied the occurrence of turnip 
yellow mosaic virus and radish mosaic virus in German Democratic 
Republic. Thirteen ornamentals and wild crucifers were found as 
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spontaneous hosts of turnip yellow mosaic virus and three Erysimum sp. 
for radish mosaic virus. The two isolates differed from foreign strains and 
also from one another. 
Horvath el al. (1973) described Cramhe ahyssinica as a differential 
host for the screening of turnip mosaic virus and radish mosaic virus, Y65 
and H4 strains of turnip yellow mosaic virus induced bright yellow mosaic 
on uninoculated leaves and axillary shoots. This intensified and grey-
brown irregular islands developed on this plant while HZ and H7 strains 
of radish mosaic induced fine vein clearing and vein necrosis on non-
inoculated leaves and reduced inflorescence, leaf size and plant growth. 
Jurectic and Fulton(1974) purified the HZ strain of radish mosaic 
virus using 0.03M Na^B^O, at pH6. The virus was separated into 4, 3 or 2 
zones in sucrose density gradient centrifugation. Out of 4 particles type 
(Ta, T, M and B from top to bottom) only B was infectious. The size of B 
particles was 28nm and for others it was 23 nm. 
Shukla and Schmelzer (1974) purified the GDR strains of radish 
mosaic virus and compared it with an American and a Yugoslavian isolate. 
The three isolates were found to be distinct strains. 
The serological and other relationships among the isolates of radish 
mosaic virus were studied by Plakolli and Stefanac (1976). The isolates 
belonged to either the neotype strain reported for the first time from 
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California (RAM 44, 1809) or the European strain described from 
Yugoslavia (RPP 51,2954). The Japanese isolate from radish (RAM 
47,2309) may be added to the neotype strain and European isolates B 
(RPP 53,309) KV (RPP 53,453), DT, (RPP 53,404) and S (RPP 54,262) to 
the typical European strain. 
A mosaic disease of garden radish was described by Schmelzer 
(1976) from E. Germany. Cauliflower mosaic virus was isolated from 
diseased plants. 
Joshi (1977) studied the natural occurrence of turnip mosaic virus 
on radish in Kumaon district from India. He showed that Aphis gossypii 
played a very important role in the epidemiology of this virus. Myzus 
persicae, Lipaphis erysinii. Aphis gossypii and A. craccivora transmitted 
the virus in the radish field. 
Sakai and Kono (1978) reported the occurrence of turnip mosaic 
virus in weeds around radish fields serving as imporant source of inoculum 
for radish crops. Among the naturally infected weeds the virus was 
isolated from Cerastium glomeratum and in this weed TuMV was found to 
overwinter. 
Horvath (1979) separated 22 viruses with the use of differential 
hosts. He showed that Tinantia erecta was susceptible to TuMV and 
resistant to both radish mosaic virus and turnip yellow mosaic virus and 
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Nicotiana occidcnlaJis. Tetragonia crystaUnia and T. cchinata were 
susceptible to RaMV and turnip mosaic virus and were important in the 
identification of the three viruses. 
Natsuaki et al. (1980) described radish yellow edge virus (RYEV) 
in young seedlings of Japanese radish. RYEV was transmitted through 
seeds. RYEV infected seedlings showed mild symptoms of yellow edge 
and dwarfing in lower leaves. UV-absorption spectrum of purified 
preparation showed characteristics of nucleoprotein. The sedimentation 
constant was 118S. Inclusion bodies containing RYEV particles were 
observed in the cytoplasm and phloem parenchyma cells. RYEV particles 
were 30 nm in diameter. RYEV was detected in apparently healthy 
seedlings from seeds of carrot, spinach, leaf beet (Beta vulgaris var. cicia) 
and table beet (B. vulgaris var. esculenia cv. Detroit Dark Red). 
Ahlawat and Chenulu (1982) studied the virus vector relationship 
between radish mosaic virus and the aphid Lipaphis erysinii (Kalt). They 
found maximum efficiency after one hour starvation. The optimum 
acquisition and transmission access periods were two minutes and one 
hour, respectively. There was increase in transmission with the increase in 
number of viruliferous aphids per plants. The virus was of non-circulativ^ 
non-persistent type. 
Naqvi et al. (1987) purified a new strain of radish mosaic virus in 
0.2m phosphate buffer pH 7.2. 
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Upadhyaya and Shukla (1987) reported that radish mosaic virus 
caused a significant reduction in chlorophyll content of radish. 
Chlorophyll content increased in both healthy and diseased leaf samples 
aged 10-50 days but the diseased samples always had less chlorophyll. 
Maximum decrease was at 30 days when the symptoms on leaves were 
more severe and concentration of the virus the greatest. The decrease in 
chlorophyll was correlated with an increase in peroxidase activity'. 
Shtein and Sapotskii (1988) reported that isometric virions of 28 nm 
diameter were observed in leaf and root cells of Chinese white winter 
radish infected with radish mosaic virus. The cytoplasm and vacuoles of 
the leaf chlorenchymal and epidennal cells and sometimes cells of the 
vascular bundles were found to contain aggregates and crystals of radish 
mosaic virus. This is the first time radish mosaic virus has been detected 
in radish roots. 
Dekhkanova and Vakhabov (1989) reported the artificial inoculation 
of the radish cultivar Malskii with turnip mosaic potyvirus at various plant 
growth stages, decreased yield dry matter content and total sugars but did 
not affect ascorbic acid levels. 
Horvath and Jurectic (1989) studies were based on symptomatology, 
serology, cytological examination and back inoculation to indicator plants, 
Pak-Choy (Chinese cabbage) cv. Japro R.S. 2701 was found to be 
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susceptible to artificial infection with cauliflower mosaic, erysimum latent, 
radish mosaic and turnip mosaic viruses and resistant to cucumber mosaic 
virus. 
Rao el al. (1989) found that carbohydrate content was less and 
protein content more in plants infected with radish mosaic comovinis than 
in healthy plants. Contents of both were similar in plants treated with an 
inhibitor (extract of coralloid roots of Cycas revoluta, applied 24 hour 
before RaMV inoculation) and in healthy plants. 
Sapotskii and Drygin (1990) reported that at the 3' end of portions 
M and B of the RNA of a Far Eastern isolate of radish mosaic comovinis 
there are Poly (A) sequences of variable length, av. 40 nucleotides for M 
RNA and 50 for B RNA, while the 5'-terminal nucleotide of this RNA, 
connected by a phosphodiester bond to the serine residue of the VPg 
protein is uridylic acid. The products of expression of the RaMV genome 
in extracts of ascites carcinoma were similar in electrophoretic mobility to 
the polypeptides encoded by cowpea mosaic comovirus. Consequently in 
structural and functional characteristics of the genome, the isolate is a 
typical representative of the comovirus group. 
Soliman in 1991 observed that the catalase activity was greater in 
crude sap of healthy squash seeds than in sap from tissue infected by 
squash mosaic comovirus. Activity was also reduced in material infected 
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by radish mosaic comovirus during the first 30 min. after the begining of 
the reaction but increased in plants infected by cucumber mosaic 
cucumo virus. 
Foddoi et al. (1991) reported a filamentous virus isolated from 
cultivated radish (Raphanus sativus) and wild radish (R. raphanistrum) 
plants showing mosaic, leaf marbung and flower breaking. It was 
identified as turnip mosaic potyvirus (TuMV) common strain through host 
range, length of particles (720-730) and serology. This is the first report of 
a virus disease of radish in Italy. 
Cugusi et al. (1992) isolated an isometric virus from radish and 
wild radish {Raphanus raphanistrum) plants showing a yellow mosaic in 
Sardinia. It was identified as TyMV on the basis of symptomatological 
responses of some indicator plants, E.M. and serological tests. This is the 
first report of TyMV infection of radish. 
JeongSoo et al. (1995) identified a new radish vein clearing 
potyvirus on radish in Korea. Radish plants were also showing mosaic 
symptoms, collected in a field at the National Horticultural Research 
Institute, Suwon, Korea Republic. Of 30 species of indicator plants tested, 
20 were susceptible. Twelve species including Vicia faha were infected 
systemically. Radish cultivars Housealtari and Chunhawang produced 
necrotic spots and yellowing on inoculated leaves and vein clearing on the 
upper leaves. On Brassica compestris subsp. Pekinensis cultivars 
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Chunhawang and Seoul, necrotic spots and midrib necrotic streaking were 
produced on the inoculated and upper leaves. Large chlorotic spots and 
leaf fall occurred on inoculated leaves of V. faha and mosaic and necrotic 
spots were produced on the upper leaves. On Chenopodium amaranticolor 
and C. quinoa the virus cause necrotic spots and vein necrosis on the 
upper leaves after producing necrotic spots, vein necrosis and leaf fall of 
inoculated leaves. Physical properties were SO^ C for thermal inactivation 
point, 10"^  for dilution end point and 1 day for longevity in vitro. The 
virus was transmitted readily by Myzns persicae in a nonpersistent manner. 
Virus particles were filamentous with a length of 800-825 nm. Pinwheel, 
short curved laminated aggregates, scroll and cylinder inclusions could be 
seen in infected radish and faba bean cells. Virus particles were closely 
associated with cytoplasmic inclusions. 
Yang Chongshi et al. (1998) identified the main causal agent of a 
disease of weiging radish (Raphanus sativus) through biological and 
immunological tests. The incidence of TuMV was 67%. The life span and 
the reproductive capacity of the aphids that favour cruciferous vegetables 
were influenced by the environment. The main measure to control the 
virus IS to control the aphids. The main techniques include cropping 
Chinese chives or maize around the radish fields; setting up plastic nets 
with a silver lustre towards the south east; sowing at an appropriate time 
to avoid aphid migration; applying Anti-Virus No. 1, 50% EC, at the time 
of virus transmission. 
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increased by inoculating healthy plants weekly. Periodic checks were made 
on local lesion host, Chenopodium amaranticolor to ensure biological 
purity of the virus. The lesions developed after 4-5 days were excised 
singly and macerated on glass slides separately with a glass spatula in a 
drop of phosphate buffer (0. IM, pH 7.0) and then inoculated separately to 
young N. tabacum cv. Bhopali Pakra plants. From one of these plants the 
culture was further maintained and increased. 
3. Disease Incidence 
Radish plants cultivated in and around Aligarh district were 
surveyed during October, 1994 to March, 1995, as the growing season for 
radish starts in September. Disease incidence was calculated by the 
following formula : 
Nimiber of plants showing symptoms 
% Disease Incidence = x 100 
Total number of plants observed 
4. Transmission 
Different methods of transmission were employed to ascertain the 
spread of virus in nature. 
(a) By Sap Inoculation 
Young infected leaves of A^. tahacum cv. Bhopali Pakra showing 
prominent symptoms were macerated in a mortar with pestle with the 
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addition of phosphate buffer (O.IM, pH 7.0) using 2 ml of buffer for each 
gram of leaf tissue. The slurry was squeezed through double layered 
cheese cloth and centrifuged at 6,000 rpm for 5 min. The supernatant thus 
obtained has been termed as Standard Inoculum (SI) in further tests. 
Inoculations were made as usual by mechanical sap inoculation 
method i.e. by rubbing gently and uniformly the forefinger dipped in the 
SI on the upper surface of 2-3 basal leaves of the plants predusted with 
carborundum (500 mesh). The inoculated leaves were rinsed by a gentle 
stream of water after 2-3 minutes of inoculation. 
(b) By Aphids 
Three species of aphids. Aphis gossypii Glov., Brevicoryne 
brassicae L. and Kiyzus persicae Sulz. were used for the tests. These 
aphids were bred on appropriate hosts as mentioned below : 
S.No. Aphid Species Host 
1. Aphis gossypii Glov. Cucumis sativus 
2. Brevicoryne brassicae L. Brassica oleracea var. 
capitata 
3. Myzus persicae Su\z. Nicotiana tabacum c\. 
Anand-2 
(i) Rearing of Aphids 
Two or four adult apterous aphids starved for 6 h were placed on a 
healthy leaf kept in a petridish on a moistened filter paper. Young nymphs 
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produced by such aphids served as the parents for initiating the colony on 
healthy plants maintained in cages of 90 x 90 x 90 cm. Fresh young 
colonies were maintained by transferring them regularly at every 15 days 
intervals to young healthy plants. 
(ii) Transmission 
To ascertain the mode of transmission by the aphids i.e. either 
persistent or non-persistent, following procedures were employed : 
(a) Persistent 
In batches of 8-10, the nymphs collected from the fresh healthy 
colony with the help of moistened tip of a camel's hair brush type A, No. 
1 were allowed 24 h acquisition feeding on diseased leaves followed by an 
inoculation feeding period of 48 h on healthy seedlings of test plants 
without being given any pre-acquisition starvation period. The seedlings 
were covered with cages. The inoculation feeding was terminated by 
spraying the plants with 0.2% monocrotophos insecticide. These test 
plants were kept in an insect proof glass house to observe the development 
of symptoms. Back inoculation from each plant were made to local lesion 
host i.e. Chenopodium amaranticolor. 
1. Acquisition access period 
2. Inoculation access period 
3. No. of aphids/plant 
24 h 
48 h 
10 
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(b) Non-Persistent 
The nymphs collected were starved for 2-3 h in a petridish having 
the inner surface covered with a wet piece of filter paper before allowing 
them an acquisition feeding period of 1-2 min. on the leaves of diseased 
plants. After this the nymphs were transferred to healthy seedlings of test 
plant. The seedlings were covered with cages for an inoculation feeding 
period of 24 h. The aphids were killed by spraying the insecticide after the 
end of inoculation feeding period and the plants were kept in an insect 
proof glass house. Back inoculations from each plant were made to C. 
amaranlicolor. 
1. Pre-acquisition starvation period 
2. Acquisition access period 
3. Inoculation access period 
4. No.of aphids/plant 
2-3 h 
1-2 min. 
24 h 
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(c) By Whiteflies 
(i) Breeding of Virus Free Whiteflies 
Collected from the field, whiteflies {Bemisia tabaci Genn.) were 
caged on healthy N. tabacum cv. Bhopali Pakra plants for egg laying. 
After 10 days the adults were removed from the cage. Adults developed 
after 7-8 days were allowed further multiplication. The transfer of 
generation of whiteflies to such a series of host plant made them virus 
free. 
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(ii) Handling of Whiteflies 
The method described by Rathi and Nene (1974) was used for 
handling of whiteflies. 
(d) By Dodder 
Seeds of dodder (Cuscuta reflexa Roxb. and C. chinemis Lan.) 
were germinated on moist filter paper placed in petridish. These seedlings 
were then trained on N. tahacum cv. Bhopali Pakra and these plants were 
then inoculated mechanically. After 10-15 days, dodder were allowed to 
train on healthy seedlings of N. tahacum L. cv. Bhopali Pakra plants 
which were placed near the infected ones having dodder established on 
them. These plants were kept in an insect proof glass house for two 
months to observe the symptom. Back inoculations were made to C. 
amaranticolor to ascertain the presence of the virus. 
(e) By Soil 
Soil around the naturally infected radish plants was collected from 
the field and sieved. This soil was divided into two parts. One part was 
autoclaved at 15 lb pressure for one hour and used as control. Other part 
was left as such. Healthy seedlings were transplanted in both the soil. 
These plants were kept for two months in glass house and symptoms were 
observed. Back inoculations from each plant were made to C. 
amaranticolor to ascertain the presence of virus. 
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(f) By Seed 
Seeds were collected from both healthy and infected plants of 
some Nicotiana spp. and some other host plants. Such seeds were sown 
and plants were observed for two months for symptom development. Back 
inoculations were made to C. amaranticolor to ascertain the presence of 
virus. 
5. Host Range and Symptomatology 
Several species of plants belonging to different families were 
screened for the susceptibility of the virus by mechanical inoculation using 
standard inoculum (SI). At least five plants of each species/cultivar at 3-4 
leaf stage were inoculated and the same number of plants were left as 
control. Plants were observed till two months for the development and 
severit>' of symptoms. Back inoculations from all plants including those 
which did not show any visible symptoms were made to C. amaranticolor 
to ascertain latent infection, if any. 
6. Selection of Local Lesion Host 
The SI was inoculated on various local lesion hosts found in host 
range studies. The most suitable of them which gave clear, discrete and 
good number of local lesions was selected. 
7. Standardization of Local Lesion Host for Virus Assay 
Standard inoculum (SI) was used in the following experiments. 
Lesions were counted 4-5 days after inoculation. Relative number of local 
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lesions was calculated by using the following fonnula : 
Total number of lesions on treated leaves 
Relative Number of Lesions = x 100 
Total number of lesions on control leaves 
(a) Effect of Pre-inoculation Darkening 
Twenty plants of local lesion host (C. amaranlicolor) of the same 
age and size were trimmed to have six fully expanded leaves and divided 
into four groups of five plants each. First group of plants was kept under 
normal day light conditions, while other groups were given 24, 48 and 72 
hours darkening periods respectively. All plants, after inoculations were 
kept in an insect proof glass house for observation. 
(b) Effect of Post-inoculation Darkening 
Four groups of five plants each with six fully expanded leaves of 
same age and size were inoculated with the SI. The first group of plants 
was kept as control while second, third and fourth groups were kept in a 
dark chamber for 24, 48 and 72 hours respectively. The plants after 
specified periods were transferred to an insect proof glass house for 
observation. 
(c) Effect of Detopping 
Two groups consisting of five plants each of same age and size with 
each having six fully expanded leaves, were selected. The apex of the first 
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group of plants was removed while that of second group was kept as 
control. All the plants were inoculated with SI and kept in an insect proof 
glass house for observation. 
8. Properties of the Virus in Plant Sap 
(i) Bio-physical Properties 
The techniques described by Noordam, 1973 for bio-physical 
properties were employed. Studies were carried out on local lesion host 
i.e. C. amaranticolor. These properties are dilution end point (DEP), 
thermal inactivation point (TIP) and longevity in vitro (LIV). 
(a) Dilution End Point (DEP) 
Sap was obtained from infected N. tahacum cv. Bhopali Pakra plants 
by the method described earlier and ten fold dilutions (10"', 10'^ , 10"\ 10' 
^ 10-5, 10-6^  ,0-7^ 10-8 anjj 10-^ ) were made of the sap by the addition of 
double distilled water. Three plants of C. amaranticolor having 8 leaves 
of equal size and same leaf area were inoculated with each dilution. After 
4 days of inoculation local lesion developed on the leaves were counted. 
(b) Thermal Inactivation Point (TIP) 
Sap was obtained from young infected leaves of N. tahacum cv. 
Bhopali Pakra by the same method. Two ml of sap in each of the 11 test 
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tubes was taken. One test tube was left as such at room temperature and 
others were heated at temperatures ranging from 40° to 90°C at intervals 
of 5°C for 10 min. in a water bath and cooled immediately in running 
water. The test tubes were held in water bath in such a way that the water 
level in the bath remained 2-3 cm above the sap level. Three plants each 
of C. amaranticolor having 8 leaves of equal size were inoculated with 
the sap of each test tube and the local lesions were counted after 4 days of 
inoculation. 
(c) Longevity in vitro (LIV) 
Longevity in vitro is the time that virus in crude juice kept at room 
temperature remains infectious. Sap was prepared by macerating the young 
infected leaves of N. tahacum cv. Bhopali Pakra and was divided into two 
parts. One of them was stored at room temperature (10±5°C) while the 
other at 4°C. Three plants of C. amaranticolor having 8 leaves of equal 
size were inoculated with the sap separately at 6 h intervals upto several 
days. Local lesions developed on inoculated leaves were counted. 
9. Purification 
(I) Selection of Propagation Host 
For the selection of the appropriate plant species/cultivars for 
maximum virus concentration, various systemic hosts were selected and 
mechanically inoculated with SI. Fifteen plants of each species were 
inoculated with SI. 
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These inoculated plants were assayed for active virus after an 
interval of 2 days upto 30 days of inoculation on local lesion host (C. 
amaranticolor). The inoculum was made from young apical leaves and the 
local lesions were counted after 4-5 days of inoculation. 
(ii) Concentration of the Virus In Different Parts of Propagation 
Host 
Ten A^ . tahacum cv. Bhopali Pakra plants inoculated 14 days earlier 
were uprooted carefully and washed. The excess water of the plants were 
dried up with the help of blotting sheets. The different parts of the plant 
(leaf, stem, root and flowers) were cut into small pieces separately. Equal 
amounts of these parts were homogenized separately with phosphate buffer 
(0. IM, pH 7.0) and filtered through double layered cheese cloth. The 
inoculum taken from these plant parts was assayed on local lesion host 
and the lesions were counted for comparison. 
(iii) Concentration of the Virus in Different Parts of the Flower 
The flowers from infected N. tahacum cv. Bhopali Pakra were 
picked up and all flower parts i.e. sepal, petal, androecium and gynoecium 
were cut separately. Equal amounts of these parts were homogenized 
separately with phosphate buffer (O.IM, pH 7.0) in a watch glass with the 
help of glass spatula. The inoculum prepared from these parts were 
assayed on C. amaranticolor and the local lesions were counted for 
comparison. 
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(iv) Standardization of Extraction Medium 
(a) Effect of Buffers 
Borate, citrate, citrate phosphate, acetate and phosphate buffers at 
different pH values having same molarity (O.IM) were tested. The buffers 
were prepared by the method of Gomori (1955) to test their suitability as 
extraction medium. The pH of the buffers was measured by Elico pH 
meter, model LI-10. 
Sap was extracted separately from young infected A^ . tahacum cv. 
Bhopali Pakra leaves in each buffer and was inoculated on local lesion 
host C. amaranticolor. A buffer, at the pH in which virus infectivity was 
comparatively higher was selected and used regularly for extracting the 
virus under study. 
(b) Effect of Molarity 
Different molarities of the same buffer at a particular pH, were tried 
to assess their suitability for extraction. 
(c) Effect of Additives 
Sodium sulphite, ethylenediamine tetra acetic acid (EDTA) and 
sodium diediyl dithiocarbamate were added to the inoculum to find out the 
effect of additives on virus infectivity. These additives were added either 
alone or in combination with others. 
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(v) Clarification of Extract with Organic Solvents 
Clarification was done by the addition of organic solvents viz 
butanol, chloroform and carbon tetrachloride. These were used either 
separately or in combination. The requisite amount of solvent was mixed 
and the mixture was kept for 15 min. at 4°C. The aqueous layer was 
separated by low speed centrifugation (10,000 rpm for 10 min.) and then 
assayed on local lesion host. 
(vi) Precipitation of the Virus 
Polyethylene glycol (MW 6,000) was tried using 2, 4 and 6 per cent 
separately with or without 0.1 per cent sodium chloride. Mixture was then 
stirred for one hour and then kept for half an hour at 4°C in a refrigerator 
for precipitation. The precipitate was pelleted by centrifiiging the mixture 
at 10,000 rpm for 10 min. 
The pellet obtained was dissolved in extraction buffer and 
centrifuged at 10,000 rpm for 10 min. The supernatant was collected and 
assayed on C. amaranticolor for comparison of virus infectivity. 
10. Differential Centrifugation 
To get rid off the impurities and concentrate the virus, 
ultracentrifugation of different samples was done in a model L7-65R 
Beckman preparation ultracentrifiige using rotor type 60 TI. High speed 
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centrifugation was done at 30,000 rpm for 2 h and the low speed 
centrifugation at 10,000 rpm for 10 min. The pellet obtained after high 
speed centrifugation was dissolved in extraction buffer and the supernatant 
obtained after each low speed centrifugation was assayed on C. 
amaranticolor for determining the virus infectivity. 
11. Density Gradient Centrifugation 
Density gradient centrifugation was performed by the method of 
Brakke (1960) using 40, 30, 20 and 10% sucrose solutions prepared in 
extraction buffer. Linear sucrose gradient columns were prepared by 
layering 7, 7, 7 and 4 ml of 40, 30, 20 and 10% sucrose solutions 
respectively in 1x3" tubes. The heaviest solution was layered first and 
solutions of decreasing concentrations were layered on top of each other. 
The tubes were kept overnight in a refrigerator at 4°C to get a linear 
gradient. 
Next day, 2 ml freshly prepared partially purified virus suspension 
was loaded on each tube with the help of LKB-Varioperex pump and 
centrifuged at 24,000 rpm in swinging bucket rotor (Sw 24.1) for 2 h in a 
Beckman L7-65R ultracentrifuge. The tubes were taken out after 
centrifugation and examined in a dark room by projecting a narrow beam 
of light from the top. The light scattering band that is the virus zone was 
removed from the tubes by a 20 guage. 10 cm long needle bent twice at 
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right angles and attached to a hypodermic syringe. The sample thus 
obtained was diluted with phosphate buffer (0.1 M, pH 7.0) and the virus 
pelleted by high speed centrifugation 30,000 rpm for 2 h). The pellet 
obtained was resuspended in phosphate buffer (O.IM, pH 7.0) and 
centrifuged at low speed (5,000 rpm for 10 min.). The supernatant thus 
obtained was purified virus preparation and was inoculated on C. 
amaranticolor to determine the infectivity of the virus. 
12. UV Absorption Spectrum 
The purified virus preparations were screened in a CE 594 Double 
Beam Spectrophotometer after diluting it. Absorbance (A) of samples were 
recorded in UV range. Values of A^ ^^ ,^ /Ajj^ -j^ , Aj^ o/Ajgy and AjgQ/Aj^ o were 
determined to get the appropriate percentage of viral nucleic acid by 
comparing the data with standard graph (Gibbs and Harrison, 1976). The 
spectral curves (absorbance Vs. wave length) were recorded by using an 
automatic recorder. 
13. Characteristic of Viral Nucleic Acid 
(i) Isolation of Viral Nucleic Acid 
The nucleic acid was isolated by phenol-chloroform method. Phenol 
and chloroform were prepared as detailed by Maniatis et al. (1982). 
Purified virus solution was extracted with a mixture of phenol-
chloroform (1:1), followed by another extraction with chloroform only. 
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2 ml of viras preparation + 2 ml mixture of phenol-chloroform (1:1) 
i 
Mix the content in a mixer till it emulsify 
i 
Centrifuge at 16,000 g for 3 min. 
1 
Phenol phase 
i 
Discard 
1 
Chloroform 
I 
Discard 
phase 
1 
Aqueous phase 
i 
Add chloroform and mix 
i 
Centrifuge at 16,00 g for 3 min. 
1 
1 
Aqueous phase 
i 
Add 2.5 volumes of chilled ethanol 
i 
Keep overnight at -20°C 
I 
Centrifuge at 15,000 g for 30 min. 
1 . 
I 
Supernatant Pellet 
Discard Suspend in distilled water 
(Viral nucleic acid) 
The infectivity of viral nucleic acid was tested on C amaranticolor. 
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(ii) lype of Nucleic Acid 
Determination of the type of nucleic acid was done by orcinol 
(Shatkin, 1969) and diphenylamine (Burton, 1956) tests for RNA and 
DNA, respectively. 
(a) Orcinol Test 
Orcinol reagent was prepared by adding 100 mg of orcinol and 100 
mg of ferric chloride (FeCl3.6H20) in 100 ml of concentrated hydrochloric 
acid (HCl). One ml of freshly prepared orcinol reagent was added to 1 ml 
of nucleic acid preparation. The mixture was placed in boiling water bath 
for 45 min. and observed for the development of colour. 
(b) Diphenylamine Test 
Diphenylamine reagent was prepared by adding 1 gm of 
diphenylamine in 100 ml of glacial acetic acid and 2.75 ml of sulphuric 
acid (HjSO^). 1 ml of diluted nucleic acid preparation was mixed with 2 
ml of diphenylamine reagent and heated at 60°C for 10 min to observe the 
development of colour. 
14. Physicochemical Properties of the Virus 
(i) Determination of RNA Percentage in Virus 
The method of Gibbs and Harrison (1976) was used where they 
related the ratio of ^260^^2%Q ®^  punfied viruses to their RNA percentage 
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giving a quadratic regression curve. Calculation was done by the formula : 
^260^280 = 0.9320 + 0.0454 (RNA %) - 0.006 (RNA%)2 
(ii) Determination of Extinction Coefficient of Virus 
Extinction coefficient (E''"^') is the optical density of a 1cm column 
Icm 
of Img/ml preparation of purified virus and is correlated with RMA 
percentage. 
A linear regression relationship between the extinction coefficient 
at 260 nm of purified virus preparation and the RNA per cent was 
demonstrated by Gibbs and Harrison (1976). The formula is : 
£0.1% = 1 531 + 0.205 (RNA%) 
Icm 
(iii) Determination of Density and its Partial Specific Volume (V) 
from RNA Percentage of the Virus 
Buoyant density of virus was calculated either from RNA 
percentage of virus using the standard quadratic regression curve or by the 
following formula given by Gibbs and Harrison, 1976. 
Density = 1.2922 + 0.0011 (RNA%) + 0.0001 (RNA%)2 
The partial specific volume (V) being reciprocal to buoyant density 
was also calculated from the above density value. 
(iv) Determination of Molecular Weight of Virus Protein 
Molecular weight was determined by using SDS-Polyacrylamide gel 
electrophoresis (SDS-PAGE) as described by Laemmli (1970). An 
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aciylamide concentration of 15% for resolving gel (lower gel) and 5% for 
stacking gel (upper gel) is prepared by mixing an appropriate order and 
proportions of concentrated stock solutions. Lower acrylamide gel solution 
was then poured into the mould formed by two glass plates (8.5 x 10 cm) 
separated by 1 mm thick spacers. Bubbles and leaks were avoided. It was 
then left for 30 min. at room temperature which led to polymerization. 
The upper acrylamide gel solution was then poured over the lower gel. A 
comb providing a template for 7 sample wells was inserted into the upper 
gel solution before polymerization began. Comb was removed after 
polymerization and wells were overlaid with the running buffer (tris 
glycine buffer pH 8.3). 
Virus was dissociated by heating for 2 min in boiling water bath in 
the presence of 0.1 M phosphate buffer pH 7.0 containing 0.2%(w/v) SDS 
1% (v/v) 2-mercaptoethanol. Samples containing 10-20 p,g of viral protein 
(known by taking UV absorption at 280 nm wavelength) mixed with equal 
volume of sample buffer (containing 10% glycerol 0.062 M Tris HCl pH 
6.8, 2% SDS, bromophenol blue and 5% 2-mercaptoethanol) were applied 
to the wells of the slab gel. 
The following polypeptide mixture was also loaded in one well of 
the slab gel for determination of standard semilogarithmic graph : 
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Polypeptide Molecular Weight 
Myosin heavy chain 200 KD 
M Protein 160 KD 
a-actinin 110 KD 
Actin 46 KD 
Tropomysin 39 KD 
Myosin light chain 1 25 KD 
Troponin-C 80 KD 
Electrophoresis was performed at 10mA till the tracking dye 
reached the bottom of gel. After electrophoresis, the gel was stained for 
protein in 0.1% Coomassie Brilliant Blue R-250, 10% acetic and, 40% 
methanol solution for 4-5 h. Excess dye was removed by destaining the 
gel in solution containing 7% acetic acid, and 10% methanol. 
Molecular weight of the virus protein coat was calculated using the 
known molecular weight protein marker. Relative mobility was calculated 
by the formula : 
Distance of protein migration 
Relative mobility (Rf) = 
Distance of tracking dye migration 
15. Electron Microscopy 
(i) Morphology of Virus Particle 
A small drop of the purified virus preparation was placed on a 
collodion coated carbon back filmed copper grid. The excess of the sample 
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was drained by touching the grid edge with Whatman No. 1 filter paper. 
The grid was then stained with 2% (w/v) aqueous uranyl acetate solution 
for 90 sec. The samples were alternatively stained with 2% (w/v) 
phosphotungstic acid. The prepared grid was screened under a JEOL-
JEM-IOOS electron microscope. The average dimension of the particles 
was calculated by determining the arithmetical mean from the main 
maximum length distribution of virions. 
(ii) Ultrastructure of the Virus 
The detailed schedule of the technique given by Roland (1978) was 
followed to study the ultrastructure of inclusions induced by the virus and 
its localization in situ. 
Young infected leaves of N. tabacum cv. Bhopali Pakra showing 
clear mosaic symptoms were cut into 1 x 2-3 mm and immersed in 3% 
glutaraldehyde solution in 0.1 M phosphate buffer pH 7.0 and transferred 
to a vial containing the fixative (glutaraldehyde). After 6 h, the fixative 
was drained out and the leaf pieces were washed twice with phosphate 
buffer at an interval of half an hour to remove glutaraldehyde. One per 
cent osmium tetraoxide solution in 0.1 M phosphate buffer pH 7.0 was 
poured over the leaf pieces. Vials were covered with aluminium foil and 
allowed to stand for 2 h for fixation. The osmium tetraoxide solution was 
carefully taken out and leaf pieces were washed widi distilled water. Two percent 
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uranyl acetate was then added and the vials were transferred to refrigerator 
for overnight. 
Next day the pieces were dehydrated in graded series of acetone as: 
1. 
2. 
3. 
4. 
5. 
30% Acetone 
50% Acetone 
70% Acetone 
95% Acetone 
100% Acetone 
10 min 
10 min 
10 min 
10 min 
30 min 
Acetone was then replaced by propylene oxide by giving two 
changes of 30 min. each. Leaf pieces were then left for 2 h in 1:1 mixture 
of epoxy resin and propylene oxide. The mixture of spurr's epoxy resin 
was prepared as follows : 
Resin i.e. Vinylcyclohexene dioxide (VCD) 10 ml 
Hardner i.e. Nonenyl succinic anhydride (NSA) 26 ml 
Flexibilizer i.e. Diglycidyl ether of 
polypropylene glycol (DER 736) 06 ml 
Accelerator i.e. Dimethylaminoethanol (DMAE) 0.4 ml 
Resin, hardner and flexibilizer were first thoroughly mixed and then 
accelerator was added and mixed properly. 
The aluminium caps were then taken off and propylene oxide was 
allowed to get evaporated. The resin mixture was replaced with fresh resin 
mixture after 8 h and vials were left for another 4-10 h. The infiltrated 
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leaf pieces were then embedded in fresh resin mixture in gelatin capsules 
orienting them suitably for transverse sectioning. The capsules were then 
transferred to an oven at 70°C for curing of the resin mixture. The cured 
blocks were ready after 24 h. They were then trimmed and ultrathin 
sections of silver interference colour (i.e. Ca. 70-80 nm) obtained with the 
help of Ultratome Nova. The section ribbons were lifted on copper grids. 
The sections were then stained as follows : 
(a) Uranyl Acetate 
Saturated uranyl acetate was prepared by dissolving an excess of 
uranyl acetate in 50% ethanol followed by centrifugation at 6,000 rpm for 
10 min. The supernatant was filtered through Whatman No. 1 filter paper. 
The supernatant, thus obtained was used as saturated uranyl acetate. 
(b) Lead Citrate Solution 
Lead citrate solution was prepared by mixing 1.33 g of lead nitrate, 
1.76 g of trisodium citrate and 30 ml of COj free distilled water. A thick 
white precipitate, appeared on mixing was dissolved by adding 8 ml of IN 
NaOH solution prepared in COj free distilled water. A thick white 
precipitate, appeared on mixing was dissolved by adding 8 ml of IN 
NaOH solution prepared in COj free distilled water. The volume was 
made 50 ml with COj free distilled water and centrifuged at 6,000 rpm for 
10 min. Supernatant was filtered through Whatman No. 1 filter paper. 
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Drops of the lead citrate solution were placed on parafilm on slides 
in petridish containing pellets of sodium hydroxide to provide a COj free 
atmosphere. The sections on grids previously stained with uranyl acetate 
were floated on these drops for 10 min. They were then washed thoroughly 
in O.IN NaOH followed by distilled water. They were then drained, dried 
and screened under electron microscope JEOL-JEM 1OOS at 80 KV. 
16. Serology 
(i) Raising of Antiserum 
Partially purified virus preparation obtained after differential 
centrifugation was used as antigen for immunization of rabbit. Young 
healthy rabbit, approximately 3 lb in weight was used for the production 
of antisera. 
One intravenous injection on ear followed by two intramuscular 
injections into thigh were given one week apart. 
For intravenous injection, 1 ml of virus preparation was injected 
into the external marginal vein of the ear formerly shaved and rubbed with 
xylene for the appearance of clear vein and to avoid any contamination. 
For intramuscular injection, 1 ml virus preparation was emulsified with an 
equal volume of Freund's incomplete adjuvant. This emulsion was divided 
into two parts and injected into each thigh of the rabbit. Several test 
bleedings were made from the ear of the rabbit at different intervals after 
After the titre reached its maximum the immunized rabbit was 
finally bled by giving sharp incision (after 20, 30 and 60 days of final 
injections) on the marginal vein of the ear other than that used for 
injection. 15 ml blood was collected at a time and allowed to coagulate for 
2 h at room temperature (20±5°C) and kept in a refrigerator for 4-6 h. 
Antiserum was thereafter separated and clarified by centrifugation at 5000 
rpm for 5 min to remove fibron and blood cells etc. The straw yellow 
coloured supernatant was collected and stored in sterile small ampules by 
adding few crystals of sodium azide (NaNj). 
(ii) Serological Tests 
To identify the virus upto group or strain level the following tests 
were performed. 
(iii) Homologous Reaction 
(a) Tube Precipitin Test 
Serial two fold dilutions of both antiserum and antigen were 
prepared using 0.85% saline buffer (0.1 M phosphate buffer pH 7.0). For 
antigen end point, 0.5 ml each of a series of two fold dilutions of the 
antigen was put in a separate glass tube and to each tube 0.5 ml of 
undiluted antiserum was added. Tubes were then inmiersed partially in a 
water bath at 3TC. 
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Similarly for antiserum end point, 0.5 ml of each of a series of two 
fold dilutions of the antiserum was put in glass tubes and to each tube 0.5 
ml of antigen of a constant dilution was added. The tubes were then 
immersed partially in a water bath at 37°C, and observed for the formation 
of precipitate. 
(b) Ouchterlony Gel Double Diffusion Test 
Ouchterlony agar gel double diffusion test (Ouchterlony, 1948, 1958 
and 1962) was used to determine antigen-antibody reaction. The tests 
were carried out in sterilized disposable petridishes (100 x 15 mm) using 
different combinations of viral antigen and gel media. The agar gel plates 
were then incubated in a humid chamber at room temperature and observed 
after 24 and 48 hours. 
(c) Preparation of Agar Gel Media 
Following method was used for preparation : 
(1) One gram of agar (w/v) in phosphate buffer (0.1 M, pH 7.0) 
(solution a) 
(2) Solution a and 0.02% w/v sodium azide (NaN,) 
(3) Solution a and 0.85% (w/v) sodium chloride (NaCl) 
(4) Solution a with 0.85% (w/v) NaCl and 1% (w/v) SDS. 
(d) Preparation of Viral Antigen 
Antigen used in immunodiffusion test was prepared in the following 
ways : 
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(a) Virus particles suspended in phosphate buffer (0.1 M, pH 7.0). 
(b) Solution a and 0.85% (w/v) NaCl. 
(c) Virus particles suspended in distilled water containing 1.6 (w/v) 
sodium dodecyl sulphate (SDS). 
(ii) Heterologous Reactions 
For the determination of the serological relationship of the virus, 
various antisera of the viruses having similar particle morphology were 
tested against the virus under investigation. The reactions were carried out 
using Ouchterony gel double diffusion test in sterile plastic petridishes. 
The gel medium was prepared by melting 1 g agar in 100 ml of 0.1 M 
phosphate buffer pH 7.0 and 0.02% sodium azide. The antigen was 
prepared by suspending virions in 0.1 M phosphate buffer pH 7.0. 
All the antisera to different cucumoviruses (CMV-K8, CMV-SS, 
CMV-ToA, CMV-P) used in the present study were obtained from Dr. 
Z.Maat (Netherlands). Antiserum of PVY was obtained from Dr. I.D.Garg, 
CPRI, Shimla (India) and antiserum of BCMV was obtained from Dr. A. 
Samad CIMAP, Lucknow (India). 
17. Immunosorbent Electron Microscopy (ISEM) 
Method described by Derrick (1973) and modified by Milne and 
Luisoni (1977) was applied for ISEM. 
Preparation of Antiserum Dilutions 
The different antisera were diluted with saline to bring down their 
microprecipitin titre and then further diluted 200 folds with 0.85% NaCl 
solution before use. 
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(i) Trapping of Virus Particles 
Freshly prepared collodion carbon-backed filmed copper grids were 
floated film side down on 0.05 ml drops of diluted antiserum and 
incubated in a humid chamber for 20 min at room temperature. The grids 
were washed with 30 drops of distilled water and drained by touching 
their edge with Whatman No. 1 filter paper. In next step the grids were 
immediately floated film side down on 0.05 ml drops of partially purified 
virus suspension and incubated in a humid chamber at 57°C for 1 h. The 
grids were again washed and drained in the same manner and immediately 
floated on drops of 2% aqueous uranyl acetate solution for 30 sec. Then 
the grids were finally drained and allowed to air dry. On the same way, the 
control (Preimmune serum coated) grids were screened under (JEOL-JEM-
lOOS electron microscope at 80 KV. 
(ii) Decoration of Virus Particles 
The grids were again floated on the same antiserum with the same 
dilution and incubated at 37°C for 1 h. The grids were then washed with 
30 drops of distilled water, drained by touching their edge with filter 
paper and immediately floated on 2% aqueous uranyl acetate solution. The 
grids were then finally drained and air dried and screened under electron 
microscope. 
(iii) Estimation of Trapped Particle Number 
Trapped virions were counted in 10 random viewing fields on the 
grids for each virus antibody combination as well as for control grids. The 
49 
amount of trapping (Trapping intensity) by each antiserum was expressed 
as an increase factor over the number of virions on the corresponding 
preimmune serum coated grid and was calculated by dividing the number 
of virions counted on the antiserum coated grid by the number of virions 
counted on the corresponding preimmune serum coated grid (Roberts et 
a!., 1984). 
RESULTS 
1. Natural Symptoms 
Naturally infected leaves of radish (Raphanus sativus L.) showed 
irregular chlorotic patches forming a mosaic pattern of green and yellow. 
Some white patches were also seen on older leaves of infected plants (fig. 
la) stunting of stem and roots were also noticed (fig. lb). Some new 
emerging leaves showed crinkling and reduction in size. Under severe 
conditions, plants died before blooming. 
2. Disease Incidence 
The survey for assesment of the incidence of radish mosaic disease 
of radish during the season 1994-95 revealed that the disease incidence 
from seedling stage to flowering stage ranged between 2.20 to 22.00 per 
cent. Table I and fig. 2 reveals that there is a gradual increase in disease 
incidence from mid-October to mid-January. After that there is gradual 
decrease in disease incidence. It shows that young plants are more 
susceptible to infection and as plants mature, incidence of disease falls. 
3. Transmission 
(a) By Sap 
The virus causing mosaic disease on radish, designated as radish 
mosaic virus (RaMV) was found to be readily transmitted by manual 
* ? " 
la. Naturally infected leaf of Raphanus sativus L. 
l b . Naturally infected root of/f. sativus L. 
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inoculation of sap prepared in 0.1 M phosphate buffer pH 7.0 from radish 
to radish and several other susceptible hosts. 
(b) By Aphids 
Three aphid species viz. Aphis gossypii Glov., Brevicoryne 
brassicae L. and Myzus persicae Sulz. were used for transmission studies. 
Experiments were designed to determine the manner of transmission. 
Radish and tobacco var. Bhopali Pakra were used as donor and recipient 
hosts, respectively. Ten aphids per plant were used in this study. Return 
inoculations to indicator plants were made to confirm the presence of the 
virus. 
The results of the experiment given in table 2 show that the virus is 
transmitted by two aphid species viz. Myzus persicae Sulz. and 
Brevicoryne brassicae L. in a non-persistent manner. Aphis gossypii did 
not transmit the disease either in a persistent or non-persistent manner. 
(c) By Whiteflies 
Whitefly, Bemisia tabaci Genn failed to transmit the RaMV even 
after increasing the number of whiteflies per plant upto 30. Neither N. 
tabacum cv. Bhopali Pakra plants showed any symptom even after 30 days 
of inoculation nor they gave positive results on back inoculation to C. 
amaranticolor plant to show the presence of virus. 
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(d) By Dodder 
Two species of dodder viz. Cuscuta chinensis Lam. and C". reflexa 
Roxb. were used to transmit the virus from diseased N. tahacum cv. 
Bhopali Pakra to healthy species of same plant and also to healthy radish 
plants. But none of the plants showed any symptom even after one month 
of establishment of dodder and no virus could be recovered in back 
inoculation to the test plant from dodder inoculated plants. Thus RaMV is 
not transmitted by dodder. 
(e) By Soil 
Healthy seedlings of Raphanus sativus, N. glutinosa, N. tahacum 
cv. Bhopali Pakra, N. tahacum cv. Jayshree, N. tahacum cv. CTRI Special 
and Datura metel were transplanted in soil collected from and around the 
RaMV infected radish plants in the field. These plants appeared 
symptomless even after two months of transplantation in infected soil and 
they gave negetive results on back inoculation to indicator plants. Thus it 
appeared that RaMV is not transmitted through soil. 
(f) By Seed 
The seeds collected fi-om three varieties of infected N. tahacum (cv. 
Jayshree, Bhopali Pakra and CTRI Special) and Datura metel were sown 
but none of them developed any external symptoms nor gave positive 
reaction on return inoculations to test plants.,^.-Hence^~RaMV is not 
transmitted through seeds of infected plants. // ^C- ^ cr / r? l;:/T-5obr "> 
'^1 \ ( Ace. No ) 
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4. Host Range and Symptomatology 
The exprimental host range of RaMV was investigated by 
mechanical sap inoculation from infected plants to various species and 
cultivars of plants belonging to different families. The sap was prepared in 
0.1 M phosphate buffer pH 7.0 from infected leaves of N. tahacum cv. 
Bhopali Pakra. Back inoculations from all inoculated plants were made on 
Chenopodium amaranticolor to ascertain the presence of virus. Following 
plants developed symptoms on inoculation and virus was recovered on 
back inoculation to test plant. 
Amaranthaceae 
Amaranthus caudatus L. 
Systemic symptoms developed after two weeks of inoculation in the 
form of mild mosaic and vein clearing. 
A. spinosus L. 
Systemic symptoms appeared after 12 days of inoculation on new 
emerging leaves in the form of mosaic and deformation followed by 
marginal necrosis. 
A. tricolor L. 
Symptoms were systemic and appeared after 10-11 days of 
inoculation on the newly emerging leaves in the form of deformation, mild 
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mosaic and small blackish patches with vein banding. Plants remained 
stunted (fig. 3). 
Gomphrena glohosa L. : Necrotic lesions developed after 5 days of 
inoculation. No systemic symptoms appeared till two months. 
Asteraceae 
Chrysanthemum indicum L. : Numerous minute, chlorotic local lesions 
developed after 10 days of inoculation. They coalesced and formed mosaic 
pattern (fig. 4). 
Erigon qffinis L. : Systemic symptoms developed in the form of yellow 
mosaic and vein clearing (fig. 5). 
Brassicaceae 
Brassica compestris L. : Inoculated plants showed systemic symptoms 
after 12 days of inoculation in the form of downward curling of leaves, 
reduction in lamina, less flowering and over-all retardation in the growth. 
Brassica oleracea L. var. botrylis and var. capilata showed no visible 
symptoms but gave distinct local lesions when inoculated mechanically to 
C. amaranticolor 
Raphanus sativus L. : Susceptible cultivars are - Scarlet Globe, Long 
Chaitki, Japanese White, Bombay Red and Pusa Rashmi 
Systemic symptoms appeared after 6 days of inoculation on 
cotyledons. Chlorosis appeared first on cotyledons and then on newly 
emerging leaves (fig.6a,b). Reduction of lamina also occurred. Mature 
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Cucurbitaceae 
Cucumis sativus L. : Following two cultivars were infected : 
cv. Pointsetee SIG 
cv. Poona Kheera 
Systemic symptoms appeared one week after inoculation followed 
by leaf defonnation. The inoculated plants remained dwarf. 
Cucurbita maxima L. : Inoculated plants developed systemic symptoms in 
the form of vein clearing and mosaic after one week of inoculation. 
Lagenaria vulgaris Ser. cv. Summer Specific Long - Distinct mosaic 
appeared on inoculated leaves after 5 days of inoculation (fig. 9.) 
Lujfa cylindrica L. Roem. 
Clear mosaic appeared on young leaves after 4-5 days of inoculation 
(fig. 10). 
Malvaceae 
Abelmoschus escuJentus L.; Susceptible cultivars were Pusa Sawani and 
KS-312. 
Systemic symptoms developed in the form of mosaic and vein 
clearing (fig. 11a). New emerging leaves showed puckering, deformation 
and marked reduction of leaf lamina. Infected plants showed overall 
reduction in size (fig. 1 lb). 
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Papilionaceae 
Trigonella foenum-graecum L. : Few spherical chlorotic spots appeared 
on inoculated leaves after 6 days of inoculation (fig. 12). Inoculated leaves 
became yellow and were shed after 15 days of inoculation. Systemic 
symptoms were not observed till 8 weeks after inoculation. 
Vigna sinensis Savi : Systemic symptoms included vein clearing, yellowing 
and deformation of leaves after 10 days of inoculation. 
Rubiaceae 
Oldenlandia corymhosa L. : Yellowing and deformation of lamina were 
the characteristics of systemic symptoms (fig. 13). 
Solanaceae 
Capsicum anmnim L. : Following two cultivars were used and both were 
susceptible :-
Cluster Suryamukhi and G-4 
Systemic infection included green mosaic and deformation. 
Datura metel L. : Dark green patches were formed and young leaves were 
deformed (fig. 14a). Vein clearing, mosaic and reduction in lamina was 
also observed forming a systemic pattern (fig. 14b). Shoe-string was also 
seen (fig. 14c). 
Datura stramonium L. : Systemic symptoms appeared in the form of 
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mosaic and vein clearing of newly emerging leaves, (fig 15a) In advance 
conditions leaf-blight was also observed and vein clearing took a form of 
net (fig. I5b). 
Lycopersicon lycopcrsicum (L.) Karst. 
Susceptible cultivars are - Pusa Ruby, P i l l , Punjab Chhoara, 
Punjab Kesari and Pusa Early Dwarf. 
Overall stunting was observed in case of cv. Pusa Early Dwarf. No 
growth was there even after 3 months of sap inoculation (fig. 16a). 
Pusa Ruby developed clear mosaic on newly emerging leaves 
(fig. 16b). 
N. glutinosa L. : Dark green and yellow patches appeared on inoculated 
leaves after 10 days of inoculation. Whole plant yellowed and young 
leaves had reduced lamina (fig. 17). 
N. megalosiphon Heurck et Mucll. 
Dark green raised areas developed on newly emerging leaves. 
Reduction of leaf lamina was also observed. As the leaves mature, raised 
areas formed a mosaic pattern (fig. 18). 
N. rustica Schrank : Small necrotic patches were formed which widened 
and coalesced in mature leaves (fig. 19). 
62 
N. sylvestris Speg & Comes : Plants were stunted and had reduced leaf 
lamina. The growth of the plants was checked and not more than one or 
two leaves emerged (fig. 20). 
N. tabacum L. : Susceptible cultivars are - Barley KY-21, Bhopali Pakra, 
Bidi Anand-2, Bidi GT-4, CTRI Spl., Jayshree, Harrison Spl., Turkish 
Samsun NN and Turkish Xanthii. 
The first variety i.e. Barley KY-21 evoked mild mosaic after 10 
days of inoculation (fig. 21). 
An array of symptoms were observed in cv. Bhopali Pakra-
reduction of lamina occurred to a great extent leaving a very small amount 
of leaf area around the vein; leaf size was also reduced (fig. 22a); 
bunching of leaves (fig. 22b), mosaic (fig. 22c) and upward curling were 
also observed (fig. 22d). 
Bidi Anand-2 developed mosaic and necrosis (fig. 23a). A great 
reduction of leaf lamina was also observed (fig. 23b). 
Bidi GT-4 var. developed necrotic lesions and mosaic symptoms 
after 10 days of inoculation. After another 5 days severity in mosaic 
occurred and leaf was greatly reduced in size after about 1 month 
(fig. 24). 
Mild mosaic was observed after a week of inoculation in var. CTRI 
Spl. (fig. 25a). Plants became chlorotic and mosaic developed in whole 
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plant affecting specially the young leaves (fig. 25b). Further growth was 
checked and plant died (fig. 25c) after 20 days. 
Chlorosis and mild mosaic developed in the variety Jayshree 
(fig. 26). 
Mosaic developed after 8 days of inoculation in the variety Harrison 
Spl. (fig. 27a) Symptoms became severe afterwards (fig. 27b). 
A distinct mosaic appeared after about a week inoculation on 
variety Turkish Samsun NN. Plant growth was retarded and leaves reduced 
their size (fig. 28). 
Variety Turkish Xanthii developed mild mosaic after 15 days of 
inoculation. 
Physalis peruviana L. : Light and dark green areas were formed as a result 
of infection after about 12 days of inoculation. 
Solanum melongena L. : Cultivars which were susceptible are - Black 
Beauty, Pusa Purple Long and PP Round. Symptoms developed were only 
mild mosaic (fig. 29). 
Solanum nigrum L. : Systemic symptoms appeared after 7-8 days of 
inoculation and these were mosaic and reduction in leaf size. Growth of 
plants was also checked (fig. 30). 
Non Hosts 
The plants that did not show any systemic or local symptom and the 
virus was not recovered from these plants on back inoculation to the test 
3. Infected plant of Amaranthus tricolor L. showing mild mosaic in 
leaves. 
4. Healthy and inoculated leaves of Chrysanthemum indicum L. 
5. Infected plant of Erigon affinis showing yellow mild mosaic. 
6a. Chlorosis in young leaves of Raphanus sativus L. . 
6b. Mature leaves of R. sativus L. 
(i) healthy leaf 
(ii) inoculated leaves. 
6c. (i) R. sativus L. 
Left-healthy leaves 
Right-mosaic and crinkling in inoculated leaves. 
6c(ii) Inoculated leaves of R. sativus L. showing clear mosaic. 
7. Healthy and inoculated leaves of C. amaranticolor^ Coste and 
Reyn. Infected leaf showing local lesion. 
8a. Infected plant of Spinacea okracea L. cv. Pusa Jyoti showing 
stunting and smaller leaves. 
8b. Infected leaves of cv. Palang Sag showing mosaic and vein 
clearing. Left one - healthy leaf. 
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9. Infected leaves of Lagenaria vulgaris cv. Summer Specific Long 
showing clear mosaic. 
10. Infected leaves of Luff a cylindrica L. Roem showing mosaic^ 
11a. Infected leaves of Abelmoschus esculentus L. cv. Pusa Sawani 
showing mosaic and vein clearing. 
l ib . Infected leaves of cv. KS-312 showing puckering and 
deformation. 
«/ 
121 Inoculated leaves of Trigonella foenum - graecum L. showing few 
spherical chlorotic local lesions. 
13. Infected plant of Oldenlandia corymbosa L. showing yellowing. 
14a. Inoculated leaves of Datura metel L. showing dark green mosaic. 
14b. Left healthy and right inoculated leaves of D. metel showing 
mosaic and vein clearing. 
14c. Infected leaves of D. metel showing shoe-string symptoms. 
15a. Infected plant oi Datura stramonium L. showing mosaic. 
15b. Infected leaves of D. stramonium showing net like symptoms. 
16a. Infected plant of Lycopersicon lycopersicum (L.) Karst. cv. Pusa 
Early Dwarf showing overall stunting. 
16b. Infected plant of cv. Pusa Ruby showing mosaic. 
17. Inoculated plant of Nicotiana glutinosa L. showing green and 
yellow mosaic. 
18. Inoculated plant of N. megalosiphon Heurck et Muell showing 
dark green raised areas and mosaic. 
19, Young leaves oiN. rustica Schrank showing mosaic pattern. 
^ 0 . Infected plant of N. sylvestris Speg & Conies showing stunting. 
21. Infected plant of M tabacum L. cv. Barley KY-21showing mild 
mosaic. 
22a. Infected leaves of N. tabacum cv. Bhopali Pakra showing 
reduction in leaf lamina. 
22b. Bunching of leaves in cv. Bhopali Pakra. 
22c. Infected leaves of cv. Bhopali Pakra showing distinct mosaic. 
22d. Upward curling in infected leaves of cv. Bhopali Pakra. 
23a. Infected plant of N. tabacum cv. Bidi Anand 2 showing yellow 
mosaic. 
2 ? b . A great 
Anand 2 
reduction in leaf lamina of cv. Bidi 
Left - healthy leaf 
Right - inoculated leaf 
24. Inoculated plant of N. tabacum cv. GT-4 showing increasing 
mosaic and reduction in leaf lamina and size of leaf. 
25a. Inoculated plant of A^ . tabacum cv. CTRI Spl. showing mild 
mosaic. 
25b. Chlorosis and mosaic in cv. CTRI Spl. 
25c. Left - Mosaic and checked growth in cv. CTRI Spl. 
Right - Infected plant almost died in cv. CTRI Spl. 
26. Infected plant of N. tabacum cv. Jayshree showing chlorosis and 
mosaic. 
27a. Infected plant of N. tabacum cv. Harrison Spl. showing distinct 
mosaic. 
27b. Severity in mosaic in cv. Harrison Spl. 
28. Infected plant of N. tabacum cv. Turkish Samsun NN showing 
clear mosaic. 
29. Right - Two leaves are inoculated leaves of Solanum melongena 
L. showing mosaic and reduction in leaf size. Left one is healthy 
leaf. 
30. Infected plant oi Solanum nigrum L. leaves showing mosaic. 
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plantsafter 60 days are listed below: 
Apiaceae 
Ammi majus L. 
Apium graveolens L. cv. White Solid 
Daucus carota L. cv. Pusa Kesar 
Petroselenium crispum Hill. cv. Imperial Curie 
Asteraceae 
Ageratum maxicanum Sims cv. Blue Mink 
Bellis perennis L. cv. Sutton Dwarf White 
Cosmos bipinnatus Cav. cv. double Mixed 
Dahlia rosea Cav. cv. Dwarf Mixed 
cv. Large flowered Mixed 
Helianthus annus L. 
Lactuca sativa L. 
Launaea asplenifolia Hook 
Sonchus oleraceus Hill 
Tegetes erecta L. cv. Dainty Marietta 
cv. Super Pelide FM 584 
T. minutaL, 
T. petula L. 
Xanthium strumarium Rafin 
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Zinnia elegans Jacq. cv. Sutton Giant Double Mixed 
cv. Sutton Giant Double Yellow 
Brassicaceae 
Brassica oleracea L. var. gemmifera cv. SPR Express 
Iberis amara L. 
Caryophyllaceae 
Dianthus caryophyllus L. cv. Double Mixed 
Saponaria officinalis L. 
Chenopodiaceae 
Atriplex hortensis L. 
Beta vulgaris L. 
Kochia scoparia L. 
Convolvulaceae 
Convolvulus major L. cv. Mixed 
Cucurbitaceae 
Benincasa hispida Savi 
CitruUus vulgaris Schrad. cv. Black Boy and cv. Sugar Baby 
C. vulgaris fistulosus Schrad cv. Dilpasand 
Cucumis melo L. cv. Lucknow sweet 
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Cucurbita pepo L. 
Momordica charantia L. cv. Poona Long Green 
Trichosanthes anguina L. 
Lamiaceae 
Salvia occidentalis Swartz 
Liliaceae 
Alium cepa L. cv. Red Globe 
A Hum sativum L. 
Asparagus officinalis L. 
Malvaceae 
Althaea rosea L. Cav. cv. Double Mixed 
Hibiscus rosa sinensis L. 
Papilionaceae 
Cajanus cajan L. 
Cicer arietinum L. 
Dolichos lablab L. 
Lathyrus odoratus L. cv. Mixed 
Pisum sativum L. cv. DMR - 34, 35, 36 
DDR - 13, 15 
HFP - 151,8909,9426 
IM -9101,9102 
KFP - 141, 224 
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Polemoniaceae 
Phlox Carolina L. cv. Mixed 
Soianaceae 
Datura alba L. 
Nicotiana clevelandii Gray 
N. debneyi 
N. fragrans Hook 
N. longiflora 
N. occidentalis 
N. palmeri Gray 
N. plumbagmifolia 
Petunia hybrida Vilm 
Verbenaceae 
Verbena hybrida L. cv. Tall Mixed 
5. Selection of Local Lesion Host 
Seven local lesion hosts of the virus isolate viz. Chenopodium 
album L., C. amaranticolor Coste and Reyn, C. murale L., C. quinoa L., 
Chrysanthemum indicum L., Gomphrena globosa L. and Trigonella 
foenum-graecum L. were compared for the selection of the most suitable 
one. The inoculum was prepared from infected hi. tabacum cv. Bhopali 
Pakra and local lesions were counted 4-5 days after inoculation (table 3 
and fig. 31). 
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On the basis of data presented in table 3 and fig. 31, it is apparent 
that C. amaranticolor gave the best results as the local lesions produced 
were the highest than others. Lesions were discrete and countable than 
others. Hence C. amaranticolor was used as a local lesion host in all 
studies. 
Table 3 : Number of local lesions on different local lesion hosts of 
RaMV 
Local lesion hosts Average number of local lesions/leaf* 
Chenopodium album 12 
C. amaranticolor 62 
C. murale 15 
C. quinoa 13 
Chrysanthemum indicum 15 
Gomphrena globosa 08 
Trigonella foenum-graecum 08 
•Average number of local lesions/leaf based on 5 plants with each having 
six fully expanded leaves. 
6. Standardization of Local Lesion Host for Virus Assay 
To determine favourable conditions for the appearance of maximum 
number of local lesions, experiments were carried out. Factors included 
pre- and post-inoculation darkening and detopping of the plants. Data 
have been incorporated in tables 4, 5 and 6. 
A = 
B = 
C = 
D = 
E -
F = 
G = 
Chenopodium album 
C. amccranticolor 
C. murale 
C. quinoa 
- Chrysanthemum indicum 
Gomphrena glohosa 
Trigone llafoenum-graeaim 
Fig. 31 : Average number of local lesions on different local lesion 
hosts of RaMV. 
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Table 4 : Effect of pre-inoculation darkening on the number of local 
lesions of RaMV 
Pre-lnoculation Average number of Relative number of 
darkening local lesions/leaf* local lesions 
Control 20 100.00 
12 h 39 195.00 
24 h 62 310.00 
36 h 40 200.00 
48 h 31 155.00 
60 h 19 95.00 
•Average number of local lesions/leaf based on 5 plants of C. 
amaranticolor having six leaves each. 
Table 5 : Effect of post-inoculation darkening on the number of local 
lesions of RaMV 
Post-inocul 
darkening 
Control 
12 h 
24 h 
36 h 
48 h 
60 h 
ation Average number of 
local lesions/leaf* 
65 
52 
48 
37 
25 
21 
Relative number of 
local lesions 
100.00 
80.00 
73.84 
56.92 
38.46 
32.30 
•Average number of local lesions/leaf based on 5 plants of C. 
amaranticolor having six leaves each. 
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Table 6 : Effect of detopping on the number of local lesions of RaMV 
Condition Average number of local lesions/leaf* 
Apex removed 60 
Apex intact 70 
•Average number of local lesions/leaf based on 5 plants of C. 
amaranticolor having six leaves each. 
It is apparent fom the table-4 that maximum local lesions develop 
when plants are exposed to 24 h darkness before inoculation. Pre-
inoculation darkening for 60 h, however resulted in decreased number of 
local lesions. 
Post-inoculation darkening as evident from table-5 resulted in 
reduction in number of local lesions. 
Detopping of plants (table-6) however does not cause so much 
difference in development of local lesions. 
7. Properties of the Virus in Plant Sap 
Johnson (1927) suggested about thermal inactivation point, dilution 
end point and longevity in vitro in identification of plant viruses. These 
gave an idea about the stability, concentration and other properties of the 
virus in plant sap and provided information about the best environment to 
keep the virus and maintain infectivity. Although these studies have 
restricted values (Ross, 1964), they are of utmost importance in 
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determining the procedure for the purificaiton and characterization of a 
virus. 
Studies on these properties were carried out using A^ . tahacum cv. 
Bhopali Pakra as donor host of the virus and tests were made on local 
lesion host C. amaranticolor. 
(a) Dilution End Point (DEP) 
The virus in crude sap was found to be infectious at a dilution of 
10''but no local lesions were observed when the sap was diluted to 10"* 
(table 7). Therefore, the dilution end point of the virus is between 10 ' and 
10-^ . 
Table 7 : Effect of dilution on the infectivity of RaM V 
Dilution Number of local lesions/leaf* 
Undiluted 67 
10' 41 
10-^ 14 
10-' 03 
lO"* 00 
10' 00 
10-* 00 
10'' 00 
•Average number of local lesions/leaf based on 5 plants of C. 
amaranticolor having 6 leaves each. 
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(b) Thermal Inactivation Point (TIP) 
The virus in crude sap was found to be infectious after being heated 
for 10 min. at 55°C but was inactive after being heated at 60°C for 10 min 
(table 8). Thus the Thermal inactivation point (TIP) of the virus lies 
between 55« and 60°C. 
Table 8 : Effect of temperature on the stability of RaMV 
Temperature Number of local lesions/leaf* 
Room Temperature (20±5''C) 58 
40 23 
45 15 
50 06 
55 03 
60 00 
65 00 
70 00 
•Average number of local lesions/leaf based on 5 plants of C. 
amaranticolor having 6 leaves each. 
(c) Longevity in vitro (LIV) 
The crude sap was obtained from the propagation host and divided 
into two parts. One was kept at room temperature (20±5°C) and the other 
at 4"'C. Each sample was assayed separately on test plant after a specific 
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period of storage (table 9). The viras was found to retain infectivity for 7 
days at room temperature and 12 days at 4''C. 
Table 9 : Effect of storage on infectivity of RaMV in plant sap at 
20±5-C and at 4'C. 
Storage in days 
00 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Average num 
20±5*C 
65 
56 
46 
31 
22 
10 
8 
3 
0 
0 
0 
0 
0 
0 
0 
0 
iber of local lesions/leaf* 
4-C 
63 
58 
50 
48 
45 
39 
35 
29 
18 
13 
9 
6 
2 
0 
0 
0 
•Average number of local lesions/leaf based on 5 plants of C. 
amaranticolor having six leaves each. 
74 
8. Purification 
(i) Selection of Propagation Host 
Six hosts of the viras isolate infecting radish viz. Brassica 
compestris L., N. glutinosa L., N. tahacum L. cvs. Bhopali Pakra, Bidi 
Anand-2, Bidi GT-4 and CTRI Spl. (designated as A, B, C, D, E and F 
respectively in table 10 and fig. 32) were compared with regard to virus 
concentration at different days after inoculation. The plants were 
mechanically inoculated and assayed for virus concentration at different 
intervals after inoculation on C. amaranticolor (table 10 and fig. 32). 
Table 10 : Concentration of RaMV in different hosts at different 
days after Inoculation 
Days after 
inoculation 
2 
4 
6 
8 
10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 
A 
00 
00 
02 
12 
29 
41 
52 
57 
61 
64 
58 
44 
35 
27 
25 
Average 
B 
00 
00 
00 
02 
08 
15 
23 
31 
35 
43 
48 
56 
62 
58 
32 
number of local lesions/leaf 
on different hosts* 
C 
00 
04 
12 
26 
39 
51 
70 
62 
57 
42 
33 
27 
22 
17 
12 
D 
00 
02 
04 
07 
15 
27 
27 
35 
48 
65 
51 
39 
25 
20 
20 
E 
00 
00 
03 
10 
15 
28 
20 
50 
60 
65 
48 
31 
25 
19 
17 
F 
00 
02 
07 
19 
31 
45 
45 
58 
67 
58 
51 
40 
33 
22 
15 
•Average number of local lesions/leaf based on 5 plants of C 
amaranticolor having six leaves each. 
7 0 T 
Days after inoculation 
Fig.32 . Concentration of RaMV in different hosts at different days 
after inoculation. 
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It is clear from the table 10 and fig. 32 that RaMV took the least 
time to reach its maximum concentration in case of A', tahacum cv. 
Bhopali Pakra and it took fourteen days to give maximum number of local 
lesions on C. amaranticolor. Hence it is the best propagation host for 
RaMV. 
(ii) Concentration of the Virus in Different Parts of Propagation Host 
Results presented in table 11 and fig. 33 reveal that the virus 
concentration is maximum in leaf tissues followed by stem, flower and 
root. 
Table 11 : Concentration of RaMV in different parts of N. tahacum 
cv. Bhopali Pakra plants after 14 days of inoculation 
Pa'-ts of the Number of local lesions/ Relative 
plant leaf* infectivity % 
Leaf 72 100.00 
Stem 40 55.55 
Root I I 15.27 
Flower 29 40.27 
•Average number of local lesions/leaf based on 5 plants of C. 
amaranticolor having six leaves each. 
(iii) Concentration of the Virus in Different Parts of the Flower 
Results presented in table 12 and fig. 34 show that the virus 
concentration is maximum in calyx followed by corolla, gynoecium and 
androecium. 
A = 
B = 
C = 
D = 
= Leaf 
= Stem 
= Root 
= Flower 
Fig. 33 : Concentration of RaMV in different parts of N. tabacum cv. 
Bhopali Pakra. 
30 
25-
I 
l! 20 
?i '' i^ I 
3 10 
S^KS^BSgWffWWS 
f^ts of the flower 
• Calyx • Corolla 
•Androecium QGynoecium 
Fig. 34 : Concentration of RaMV in different parts of flowers of M 
tabacum cv. Bhopali Pakra. 
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Table 12 : Concentration of the virus in different parts of flowers 
of N. tabacum cv. Bhopali Pakra 
Parts of the flower Average number of local lesions/leaf* 
Calyx 27 
Corolla 11 
Androecium 8 
Gynoecium 19 
•Average number of local lesions/leaf based on 5 plants of C. 
amaranticolor having six leaves each. 
(iv) Standardization of Extraction Medium 
(a) Effect of Buffers 
Effect of acetate, borate, citrate, citrate phosphate and phosphate 
buffers at different pH values were compared for extraction of RaMV 
from infected leaves of N. tabacum cv. Bhopali Pakra. Partially clarified 
extract obtained after low speed centrifugation (5,000 rpm for 10 min.) 
was assayed on C. amaranticolor for comparison of the virus infectivity. 
Results obtained show the maximum infectivity with phosphate 
buffers at pH 7.0 (table 13 and fig. 35). 
(b) Effect of Molarity 
Attempts were made to determine the most suitable molarity of 
potassium phosphate buffer pH 7.0 for virus infectivity. The virus infected 
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Table 13 : Effect of various buffers at different pH levels on the 
infectivity of RaMV 
Buffers pH Average number of local lesions/leaf* 
0.1 M Acetate 4.0 
4.5 
0.1 M Borate 
0.1 M Citrate 
0.1 M Citrate Phosphate 
0.1 M Phosphate 
8.0 
8.2 
5.6 
5.8 
6.0 
6.2 
6.4 
7.8 
08 
15 
19 
27 
38 
30 
28 
23 
42 
.35 
.31 
26 
22 
17 
0 
00 
05 
13 
24 
30 
26 
23 
4 
19 
24 
31 
38 
45 
36 
33 
10 
18 
21 
34 
52 
61 
58 
51 
41 
34 
•Average number of local lesions/leaf based on .5 plants of C. 
amaranticolor having six leaves each. ^v^^il^--^ - - i<^ ^^ ^ 
->•'-
{ [ Ace. No ) 
o 
PH 
-0.1 M Acetate 
0.1 M Citrate 
-0.1 M Phosphate 
-0.1 M Borate 
-0.1 M Citrate Rx>sphate 
Fig. 35 : Effect of various buffers at different pH levels on the 
infectivity of RaMV. 
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leaves of N. tabacum cv. Bhopali Pakra were macerated in phosphate 
buffer pH 7.0 at different molarities. The samples were assayed on local 
lesion host to compare virus infectivity (table 14 and fig. 36). 
It is clear from the table 14 and fig. 36 that the extraction of 
infected leaves in 0.1 M potassium phosphate buffer at pH 7.0 gave the 
highest infectivity. 
Table 14 : Effect of different molarities of phosphate buffer pH 7.0 
on the infectivity of RaMV 
Molarity Number of local 
lesions/leaf* 
Relative infectivity % 
0.2 
0.15 
0.1 
0.05 
0.02 
0.01 
48 
58 
67 
63 
50 
41 
71.64 
86.56 
100.00 
94.02 
74.62 
61.19 
•Average number of local lesions/leaf based on 5 plants of C. 
amaranticolor having six leaves each. 
Thus for the extraction of virus from infected tissues and 
maintaining the extracts at different stages of purification, 0.1 M 
potassium phosphate buffer pH 7.0 was found to be suitable at which virus 
infectivity was the highest. 
0.15 0.1 0.05 
Molarity [M] 
0.02 
- Nunnber of local lesions/leaf 
- Relative Infectlvity % 
Fig.36 ; Effect of different molarities of phosphate buffer pH 7.0 on 
the infectivity of RaMV. 
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(c) Effect of Additives 
Results given in table 15 and fig. 37 show that sodium sulphite 
(0.1%) together with Ethylenediamine tetra acetic acid (EDTA 0.1%) 
enhanced the infectivity of the virus. 
Table 15 Effect of different additives on the infectivity of RaMV 
Additives 
A 
B 
C 
D 
A+B 
A+C 
A+D 
B+C 
Average number of local 
lesions/leaf* 
Control 
75 
75 
75 
75 
75 
75 
75 
75 
Treated 
82 
71 
80 
70 
73 
90 
81 
80 
Per cent increase 
in infectivity 
109.32 
94.66 
106.66 
93.33 
97.33 
120.00 
108.00 
106.60 
*Average number of local lesions/leaf based on 5 plants of C. 
amaranticolor having six leaves each. 
** A 
B 
C 
D 
Ethylenediamine tetraacetic acid (O.OIM) 
Sodium diethyl dithiocarbamate (0.1%) 
Sodium sulphite (0.1%) 
Thioglycollic acid (0.1%) 
120 T 
100 
80 
Ifeo 
1 ^ 4 0 
5 20 
A+B A+C 
Additives 
• Control 
• Treated 
D Per cent ricrease in infectivily 
A+D B+C 
A 
B 
C 
D 
Ethylenediamine tetraacetic acid (0.0IM). 
Sodium diethyl dithiocarbamate (0.1%). 
Sodium sulphite (0.1%). 
Thioglycollic acid (0.1%). 
Fig. 37 : Effect of different additives on the infectivity of RaMV. 
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(v) Clarification of Extract by Organic Solvents 
The extracted sap in buffer solution (O.IM pH 7.0) was mixed with 
different organic solvents either alone or in combinations and stirred for 
about an hour at 4''C. Samples were then centrifuged for 10 min. at 10000 
rpm and the supernatant fluid was chilled for 2 hrs. to induce precipitation. 
A second clarification removed much green material. The ultimate fluid 
was assayed on C. amaranticolor for comparison of virus infectivity. 
Results as shown in table 16 and fig. 38 indicate the highest 
infectivity with 30% butanol, therefore, used routinely for clarification. 
(vi) Precipitation of Virus with Polyethylene Glycol (PEG 6000 
MW) 
Precipitation of RaMV from clarified extract obtained after butanol 
treatment and low speed centrifiigation was attempted with different 
concentrations (2, 4, 6 and 8%) of polyethylene glycol (PEG 6000 MW) 
with or without NaCl (0.1%). The precipitate obtained in each case was 
suspended in extraction buffer and centrifuged for 10 min. at 10000 rpm. 
Diluted supernatant with EB was brought to the original volume and 
assayed on C. amaranticolor to find out whether the virus is precipitated 
by PEG under the experimental conditions. The clarified preparation 
obtained after low speed centrifiigation was also inoculated on C. 
amaranticolor for the comparison of virus infectivity (table 17 and fig. 39). 
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Table 16 : Effect of some organic solvents on virus infectivity 
Organic iiolvents Solvent percentage Average number of 
local lesions/leaf* 
B 
A+B(l:l) 
A+C(l:l) 
B+C(l:l) 
10 
20 
30 
10 
20 
30 
10 
20 
30 
10 
20 
30 
10 
20 
30 
10 
20 
Control 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
Treated 
79 
87 
101 
50 
43 
40 
33 
36 
40 
75 
79 
80 
71 
71 
71 
41 
45 
30 75 50 
•Average number of local lesions/leaf based on 5 plants C. amaranticolor 
having six leaves each. 
A 
B 
C 
Butanol 
Carbon tetrachloride 
Chloroform 
120 
100 
C A+B(1:1) A-*C(1:1) B+C(1:1) 
Solvent percentage 
• 10% •20% a30% 
Fig. 38 : Effect of some organic solvents on the infectivity of RaMV. 
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Table 17 : Effect of PEG and NaCI on the precipitation of RaMV 
PEC (<;000 MW) 
02 
02 
04 
04 
06 
06 
08 
08 
NaCI V. 
0.1 
-
0.1 
-
0.1 
-
0.1 
-
Average Numbe 
lesions/leaf* 
Control 
101 
101 
101 
101 
101 
101 
101 
101 
r of local 
Treated 
07 
05 
50 
39 
84 
78 
62 
58 
•Average number of local lesions/leaf based on 5 plants of C. 
amaranticolor having six leaves each 
It is evident from the results given in table 17 and fig. 39 that all 
the virus was not precipitated by 2, 4, 6 and 8% PEG with or without 
0.1% NaCI. The maximum recovery was with 6% PEG and 0.1% NaCI. 
Table 18 : Relative infectivity of RaMV at different steps of 
purification 
Purificaiton steps 
Supernatant 
(after 1st low speed) 
Clarification 
(Chloroform treatment) 
PEG + NaCI precipitation** 
Differential centrifugation** 
Average number of 
local lesions/leaf* 
100 
122 
111 
50 
Percent relative 
infectivity 
82 
100 
91 
41 
•Average number of local lesions/leaf based on 5 plants of C. 
amaranticolor having six leaves each. 
••Virus suspension was diluted to original volume for assaying virus 
infectivity. 
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Purification 
200g infected leaves of N. tabacum cv. Bhopali Pakra were ground 
in 400 ml of cold phosphate buffer containing 0.1% sodium sulphite and 
0.1%EDTA- 4. 
Squeez through muslin cloth 
i 
Centrifuge at 5000 rpm for 10 min. 
PellJt Supernatant* 
i Discard 
Pel'et 
i 
Discard 
I 
Supernatant 
4-
Discard 
Pellet 
i 
Distard 
Supernatant 
Pellet 
4 
Discard 
i 
Add 30% butanol drop by drop while 
stirring for 15 min at 4''C 
i 
Centrifuge at 10,000 rpm for 10 min. 
I 
Supernatant 
4. 
Add6%PEG + 0.1%NaCl 
i 
Stir for 1 h 
i 
Keep for 1/2 h at 4''C 
i 
Centrifuge at 10,000 rpm for 10 min. 
—' 1 
Pellet 
i 
Suspend in 0.1 M phosphate buffer 
pH 7.0 (10 ml/100 ml of initial extract) 
Cenrifuge at 10,(X)0 rpm for 10 min. L I 1 
Supernatant** 
Centrifuge at 30.(X)0 rpm for 2 h 
Pellet 
Suspend in 0.1 M phosphate buffer pH 7.0 
(2 ml/100 ml of initial extract) 
Centrifuge at 5000 rpm for 10 min. 
Supernatant** 
(Partially purified virus suspension) 
•Assayed for virus infectivity on C. amaranticolor 
Fig. 40 : Flow diagram for the purification of RaMV 
120 T 
100 -
?s 
80 
jj I 60 
i 
V 
I 
40 ^ 
20 
4 4 6 
% Of PEG (WA/) 
• Control D Treated 
Fig. 39 : Effect of PEG (6000 MW) and NaCl on the precipitation of 
RaMV. 
41. Sucrose gradient column with single light scattering band of 
RaMV after centrifugation at 23,000 rpm for 2h. 
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The partially purified virus suspension was highly infectious hence 
the procedure detailed in flow diagram (fig. 40) is the best method for 
virus isolation. All further studies on virus properties were carried out 
using the same method. 
(vii) Density Gradient Centrifugation 
Further purification was done by rate zonal density gradient 
centrifugation so that last traces of plant proteins and other remaining 
contaminants were removed. 2ml partially purified preparation of the virus 
was loaded on sucrose density gradients and centrifuged for 2 h at 23,000 
rpm in a Beckman SW 25.1 rotor. After centrifugation, tubes when 
examined in a dark room by projecting a narrow beam of light down the 
tubes from the top showed a light scattering band. The material removed 
from the light scattering band was inoculated on C. amaranticolor and N. 
tabacum cv. Bhopali Pakra. It gave local lesions and a clear mosaic 
respectively. The light scattering band was removed and mixed with buffer 
(0.1 M phosphate buffer pH 7.0), centrifuged at 30,000 rpm for 2 h in an 
angle head rotor. Pellet was resuspended in 0.1 M phosphate buffer pH 7.0 
and centrifuged for 10 min. at 5,000 rpm. The resultant preparation was 
clear and opalescent. It was infective too and treated as purified virus (fig. 41). 
8. UV Absorption Spectrum 
The purified virus suspension was examined in an UV-visible 
recording spectrophotometer. Informations regarding the UV absorption 
85. 
spectra of suitably diluted purified virus sample are given in table 19 and 
fig. 42. 
Table 19 : UV-absorption spectra of purified RaMV 
Wave length Absorbance 
(nm) 
200 0.402 
210 0.347 
220 0.287 
230 0.315 
240 0.478 
250 0.565 
260 0.645 
270 0.500 
280 0.412 
290 0.402 
300 0.367 
Table 20 : Informations about UV-absorption spectrum of RaMV 
_ _ . _ 
max 
A . 240 
sua. 
A /A . 1.083 
max. miB. 
A at 260 nm 0.645 
A at 280 nm 0.412 
KJKo 1-554 
86 
10. Characteristic of Viral Nucleic Acid 
(I) Isolation of Viral Nucleic Acid 
The nucleic acid, isolated by phenol-chloroform method gave 
positive results when assayed on C. amaranticolor. When the extracted 
nucleic acid was treated with pancreatic ribonuclease assayed on C. 
amaranticolor, no infection was found indicating that the infectious 
preparation was that of RNA. 
Infectivity of isolated nucleic acid was compared with standard 
inoculum (SI) from infected leaves of A^. tabacum cv. Bhopali Pakra, on 
local lesion host, C. amaranticolor on the basis of diltuions (table 21). 
Table 21 : Infectivity of isolated nucleic acid of RaMV in comparison 
to SI on the basis of dilution 
Dilutions Average number of local lesions/leaf* 
SI Nucleic Acid 
Undiluted 
10' 
10-2 
10-3 
10-* 
10-* 
10-* 
10-' 
60 
22 
18 
6 
0 
0 
0 
0 
22 
15 
5 
0 
0 
0 
0 
0 
*Average number of local lesions/leaf based on 5 plants of C 
amaranticolor haVmg six leaves each. 
87 
The results presented in the table 21 reveal that the isolated nucleic 
acid was about 10% infectious than SI. 
The results are somewhat imprecise as the amount of actual virus 
and nucleic acid has not been taken into consideration. 
(ii) Type of Nucleic Acid 
The orcinol test gave a positive result as there was development of 
green colour in the mixture containing orcinol reagent and viral nucleic 
acid. There was no change in colour in the diphenylamine reaction 
indicating that the viral nucleic acid was RNA. 
11. Physicochemical Properties of the Virus 
(i) RNA Percentage of RaMV 
RNA percentage was determined by the equation and quadratic 
regression line relationship as described by Gibbs and Harrison (1976). 
^60/^280 = 0-9320 + 0.0454 (RNA%) - 0.0006 (RNA%)2 
RNA % = X 
1.554 = 0.9320 + 0.0454 (x) - 0.0006 (x)^ 
x = 18.43 
.-. RNA percentage is 18.43 (fig. 43). 
(ii) Extinction Coefficient of RaMV 
On the basis of standard curve and equation by Gibbs and Harrison 
(1976), the extinction coefficient is 5.30 (fig. 44). 
E"'** = 1.531 + 0.205(18.43) 
Icm '^  ' 
= 5.30 
20 30 
RNA% 
Fig .43 Es t ima t ion of ^HA -T of RaMV. 
40 
Fig 44. Estimation of extincti 
on coefficient of RaMV, 
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(Hi) Buoyant Density and Specific Volume (V) of RaMV 
According to the standard curve and the equation by Gibbs and 
Harrison (1976) the buoyant density of RaMV is 1.346 g/cm^ and the 
partial specific volume is 0.742 (fig. 45). 
Buoyant density = 1.2922 + 0.0011 (18.43) + 0.0001 (18.43)2 
1.346 g/cm' 
Partial specific volume = 1/1.346 = 0.742 
(iv) Molecular Weight of Virus Coat Protein 
Result shown in table 22 and fig. 46 indicate that the molecular 
weight of the coat protein of RaMV is c 22,000 daltons when determined 
by SDS-PAGE. 
Table 22. Molecular weight of coat protein of RaMV. 
Protein 
Heavy chain Myosin 
M-Protein 
a-actinin 
Actin 
Tropomysin 
Myosin light chain-1 
Virus Coat Protein 
Troponin-C 
Distance of 
protein 
migration 
(in cm.) 
2.4 
3.0 
3.4 
3.5 
4.3 
4.5 
4.8 
5.25 
Distance of tracking dye migration was 5.7 ( 
Distance of 
*Kf -
• protein migration 
Relative 
mobility 
(RO* 
0.421 
0.526 
0.596 
0.614 
0.754 
0.789 
0.842 
0.921 
:m. 
1 
Mol. Wt. 
(in daltons) 
2,00,000 
1,60,000 
1,10,000 
46,000 
39,000 
25,000 
22,000** 
18,000 
Distance of tracking dye migration 
**Calculated by fig. 46a. 
1.50r 
1.45 
-1 .40 
Vi 
O 
g 1.35 
1.30-
10 20 30 
RNA % 
40 50 
Fig 45. Determination of density in CsCl solution of RaMV. 
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12. Electron Microscopy 
(i) Morphology of Virus Particles 
The clarified virus suspension negatively stained with 2% (w/v) 
uranyl acetate revealed the presence of isometric virus particles measuring 
c 26 nm in diameter (fig. 47). 
(^ JItrastructural Studies 
When ultrathin sections of N. tahaciim cv. Bhopali Pakra were 
examined in an electron microscope, the infected cells showed the virus 
pa'-ticles distributed in cytoplasm and somewhere also found in clusters 
(fig. 48). 
13. Serology 
(!) Homologous Reaction 
(a) Tube Precipitin Test 
The precipitin tests carried out with different combinations of 
antigen and antiserum produced granular precipitate. With the help of this 
technique various combination of two fold dilution of antigen and 
antiserum revealed the antigen end point as 1:512 and antiserum end point 
as 1:1024 (table 23). 
01^ Ouchterlony Gel Double Diffusion Test 
Double diffusion tests in plates were carried out using different 
combinations of gel media to determine a suitable gel media for the 
47. Electron micrograph showing isometric virus particles from a 
negatively stained preparation of clarified virus concentration 
obtained from virus infected leaves of M tabacum L. cv. Bhopali 
Pakra. BareZSonm. 
48. Electron micrograph showing virus particles distributed in 
cytoplasm of a RaMV infected cell. BarcSOOntn ; 
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formation of precipitin band of RaMV. The suitable gel medium consisted 
of Ig agar in 0. IM phosphate buffer pH 7.0 with or without 0.02% sodium 
azide. These gels gave visible and clear immunoprecipitin bands. Since, 
sodium azide has no effect on the formation of precipitin band, it was 
preferred for keeping the gel medium free from microbial contamination. 
Viral antigen (RaMV) suspended in 0.1 M phosphate buffer pH 7.0 
showed best results. 
Purified virus and crude sap from infected leaves of propagation 
host reacted with the antiserum prepared against RaMV in gel double 
diffusion tests. Purified RaMV, infected leaves sap and sap from healthy 
leaves were set up in the wells surrounding a central well containing 
RaMV antiserum. Precipitin lines were formed between the central well 
and the wells containing purified RaMV and the sap from infected leaves. 
But there was no precipitin line between the central well and the well 
containing sap from healthy leaves. 
(ii) Heterologous Reaction 
Immunodiffusion tests in gel were carried out using RaMV 
antiserum and antisera of BCMV, PVY and different strains of cucumo 
virus viz. CMV-ToA, CMV-P, CMV-K8 and CMV-SS. 
The results indicate that radish mosaic virus is closely related to 
CMV-SS and CMV-K8 as with them it gave strong reactions and produced 
very sharp and clear precipitin bands. No bands were observed against 
CMV-P, BCMV and PVY (fig. 49). 
49. Heterologous reaction in agarose gel with RaMV antiserum and 
antlsera of different viruses. Central well contains RaMV 
antiserum. Well no. 1 contains A/S CMV-K8, well no. 2 purified 
preparation of RaMV, well no. 3 A/S CMV-SS, well no. 4 A/S 
BCMV and well no. S contains A/S PVY. 
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14. Immunosorbent Electron Microscopy (ISEM) 
(i) Trapping of Virus Particles 
Maximum number of virus particles were trapped on CMV-SS and 
CMV-K8 antiserum coated grids. BCMV antiserum trapped minimum 
number of radish mosaic virus particles (table 24 and fig. SO). 
On the basis of trapping it is concluded that RaMV under study is 
closely related to CMV-K8 and CMV-SS (table 24 and fig. 51). 
Table 24 : Trapping behaviour of virus particles (RaMV) with 
antisera of different cucumovirus, BCMV and PVV. 
Antiserum 
to the virus 
CMV 
CMV-ToA 
CMV-P 
CMV-K8 
CMV-SS 
Normal Serum 
BCMV 
PVY 
Number of virus particles 
trapped* 
55.7 
56.2 
60.5 
65.5 
62.3 
10.0 
1.4 
1.6 
Trapping 
index** 
5.57 
5.62 
6.05 
6.55 
6.23 
1.00 
0.14 
0.16 
•Virus particles after trapping were fixed with 3% buffered gluteraldehyde 
for 2h at room temperature prior to decoration. 
••Number of particles trapped with antiserum/Number of particles trapped 
with normal serum. 
56, Electron micrograph showing trapping and decoration of the 
virus particles with A/S to soybean stunt cucumovirus (SS). 
•f 
4 
4 
51. Electron micrograph showing trapping and decoration of the 
virus particles with A/S to K8 cucumovirus. 8or- e i s o »»»»^ . 
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(ii) Decoration of Virus Particles 
Very good clumping was observed with CMV-SS in liquid phase 
with extraction buffer (table 25). 
Almost all the strains of CMV viz. CMV-ToA, CMV-P, CMV-K8 
and CMV-SS show clumping in liquid phase diluted with 0.86% NaCl 
solution (table 26). 
(iii) Estimation of Trapped Virus Particle Number 
65.5 viral particles were trapped with CMV-K8 and 62.3 with CMV-
SS antiserum (table 24). 
Table 25 : Decoration behaviour with different antisera in liquid 
phase (antiserum diluted In the extraction buffer) 
Antiserum to 
the virus 
CMV 
CMV-ToA 
CMV-P 
CMV-K8 
CMV-SS 
BCMV 
PVY 
Degree of clumping 
and decoration 
No clumping 
- d o -
- d o -
A few loose clumps 
Very good clumping 
No clumping 
-do-
Remarks 
No perceptible 
decoration. 
Virions occurred as 
isolated particles 
- d o -
- d o -
Mostly isolated 
virions 
No disintegration of 
virions 
-do-
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Table 26 : Decoration behaviour of virus particles with different 
antisera in liquid phase (antisera diluted in 0.86% NaCI 
solution) 
Antiserum to 
the virus 
CMV 
CMV-ToA 
CMV-P 
CMV-K8 
CMV-SS 
BCMV 
PVY 
Degree of clumping 
and decoration 
Very small loose 
clumps 
Mostly clumps 
- d o -
- d o -
- d o -
No clumping 
-do-
Remarks 
Lot of isolated virions 
Only a few isolated 
particles 
- d o -
- d o -
- d o -
No disintegration of 
virions 
-do-
DISCUSSION 
Radish (Raphanus saUvus L.) is widely grown in Aligarh district as 
a vegetable plant during the winter season. It was found to be infected by 
a virus disease showing mosaic on leaves, reduction in size of young 
leaves and stunting of roots. The disease was investigated and the identity 
of virus attacking it was established. During the survey it was observed 
that young plants were more susceptible to infection. 
The disease was found to be transmitted by usual mechanical sap 
inoculation and by two aphid species viz. Myzus persicae Sulz. and 
Brevjcoryne hrassjcae L. The disease was not transmitted by whiteflies 
(Bcmisia tahaci Genn.), dodder Cuscuta chine sis Lam. and C. reflexa 
Roxb., soil and seed. Experimental host range studies revealed that the 
virus under study has a moderate host range. It infected 34 species 
belonging to nine families. The most vulnerable family was solanaceae, 
plants of which showed varied type of mosaic on the leaves, stunting and 
necrosis. Nicotiana lahacum L. cv. Bhopali Pakra was found suitable as 
a propagation host. Several Chenopodium spp. reacted with localised 
lesions to this virus among them C. amaranticolor was selected for 
quantitative assay as it gave maximum and clear local lesions. Brassica 
okracea L. var. hotrytis and var. capitata were the latent hosts of this 
virus. 
% 
Virus in crude sap lost its infectivity after heating at 60"C for 10 
min, but remained infective at SS^C, and lost infectivity at a dilution of 
10-\ It remained infective for 7 days when stored at room temperature 
(ZOiS^C) and 12 days at 4''C. Infectivity was not recorded beyond these 
periods. 
Phosphate buffer (0. IM, pH 7.0) was found to be the most suitable 
extraction medium for retaining virus infectivity. Other buffers were also 
tried such as acetate, borate, citrate, and citrate phosphate but they were 
found to inhibit the activity of the virus. Sodium sulphite along with 
EDTA 0.1% enhanced the virus infectivity. 
Virus attained maximum concentration in N. iabacum L.cv. Bhopali 
Pakra plants after 14 days of inoculation. All parts of this propagation 
host contained virus but the maximum concentration of virus was present 
in leaves. 
Virus was purified by a procedure involving extraction from infected 
N. tabacum cv. Bhopali Pakra plant leaf tissues in O.IM phosphate buffer 
pH 7.0, clarification of the sap with butanol (30%) and precipitation by 
using PEG 6,000 (6%) and O.IM NaCl followed by two cycles of 
differential centrifugation. 
Further purification was achieved by rate zonal density gradient 
centrifufation. Partially purified virus preparation when centrifuged on 
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linear sucrose columns for 2 h at 30,000 rpm formed a light scattering 
band. The material fonning the light scattering band was found to be 
infective containing isometric virus particles. 
The purified preparation gave a spectrum typical of nucleoproteins. 
The nucleic acid percentage was found to be 18.43% as ^J^^n ^*^ 
1.554. Nucleic acid isolated by phenol-chloroform method was found to 
be RNA by Orcinol test. The extinction coefficient, buoyant density and 
partial specific volume were 5.30, 1.346 and 0.742, respectively. 
Electron microscopic studies of clarified virus preparation revealed 
the presence of isometric particles measuring 26 nm in diameter. 
Ultrastructural studies of infected leaf tissues of N. tahacum cv. Bhopali 
Pakra plant revealed virus particles distributed in cytoplasm and also 
present in clusters. 
Antiserum raised against the virus showed a titre of 1:1024 in tube 
precipitin test. In agar-gel double diffusion test the virus showed 
serological relationship with CMV-K8 and CMV-SS as the maximum 
trapping and decoration were obtained with the antisera of these viruses. 
Several viruses have been reported to cause mosaic and mosaic 
mottling diseses on radish viz. cabbage black ring spot virus (Joshi, 1962; 
Joshi and Bhargava, 1963); squash mosaic comovirus (Soliman, 1991); 
cucumber mosaic virus (Horton, 1956; Shirahama, 1957; Yamaguchi, 
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1960; Li and Cheo 1964; Schmelzer, 1976); radish vein clearing virus 
(JeongSoo et al., 1997); radish yellow edge virus (Natsuaki, 1980); turnip 
mosaic virus (Horton, 1956; Chenulu, 1959; Li and Cheo, 1964; Joshi, 
1977; Sakai and Kono, 1978; Foddoi et al, 1991; Cugushi et aL, 1992; 
and Chongshi et al., 1998). 
It is very difficult to compare the virus isolate under study (RaMV) 
with the viruses reported earlier on radish as there is always some 
differences among them which might be due to different strains. Symptoms 
alone are the least reliable criterion for a meaningful comparison. Infact 
particle morphology and serological studies give more reliable information 
regarding the relationship of a virus with other viruses. Under such 
circumstances, a comparison of other properties such as biophysical 
properties, host-range and transmission studies may provide a valuable 
data to compare RaMV with other viruses and to identify the virus isolate. 
In literature a mosaic disease of radish was described as early as 
1924 by Kulkami but it has not been identified. Ogilvie (1928) and Dana 
and McWhorter (1932) described only symptom characteristics of radish 
mosaic virus. 
The earliest characterization of radish mosaic virus was done by 
Tompkins (1939). His isolate resembles with Aligarh isolate in having 
some common host plants like Brassica compestris L., Raphanus sativtts 
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L., Spinacea oleracea L., Nicotiana glutinosa L. and N. iahacum L. var. 
Turkish but differs with regard to aphid transmission. The Aligarh isolate 
is aphid transmitted whereas Tompkins isolate was not transmitted by 
aphids. 
Severin and Tompkins (1950) studied the aphid transmission of 
radish mosaic virus. Both the isolates resemble as far as transmission is 
concerned as both were transmitted non-persistently by Brevicoryne 
hrassicae L. and Myzus persicae Sulz. Severin and Tompkins did not 
reported anything about the identity or properties of the virus, hence no 
meaningful comparison can be made as to their being identical. 
Kou (1961) described a mosaic disease of radish which was 
somewhat similar to the Aligarh isolate of RaMV. Both the isolates 
infected systemically Brassica compestris L., Nicotiana tahacum L. var. 
Turkish, Nicotiana glutinosa L. and A', rustica Schrank. Both were also 
transmitted non-persistently by Brevicoryne hrassicae L. and Myzus 
persicae Sulz. but not by seeds. Thermal inactivation point was also 5S''C 
in both the cases. No further comparison could be made due to rather 
limited information reported by Kou (1961). 
The other viruses which were reported to cause mosaic disease on 
radish by Takahashi (1952), Shirahama (1957), Foddoi et al. (1991) and 
JeongSoo et al. (1995) differ from the isolate under study in morphology, 
all having rod shaped particles. 
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As far as shape of the virus is concerned Aligarh isolate resemble 
with that of Campbell (1964), Stefanac (1971), Hooper et al. (1972), 
Jurectic and Fulton (1974), Natsuaki et al. (1980) and Shtein and Sapotskii 
(1988). 
The Aligarh isolate of RaMV has several properties in common 
with the isolate described by Campbell (1964) but differs in being aphid 
transmitted. Campbell isolate was not transmitted through aphids. 
Hooper et al. (1972) studied electron microscopically leaf 
enations on Chinese white winter radish infected with radish mosaic 
virus. They did not report as to the identity of the virus. 
Natsuaki et al. (1980) described radish yellow edge virus (RYEY) 
which was seed-transmitted but was not transmitted by sap inoculation. It 
was usually carried symptomless in most the hosts. This virus calls for 
no comparison with the isolate under study. 
Virions of 28 nm diameter were observed by Shtein and 
Sapotskii(1988) in leaf and root cells of Chinese white winter radish 
infected with radish mosaic virus. Virus particles were also found in 
cytoplasm and vacuoles of infected plant cells. Aligarh isolate is 26 nm in 
diameter and particles were found in cytoplasm but not inside vacuoles of 
infected plant cells. No conclusion can be drawn as to the similarity of the 
two viruses as Shtein and Sapotskii did not study about the properties of 
their virus. 
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The Aligarh isolate of RaMV resemble to a great extent with the 
strain of radish mosaic virus reported by Stefanac and Mamula (1971). 
Similar hosts are Chenopodium amaranticolor Coste and Reyn, C. murale 
L., C. quinoa L., Cticumis sativus L., Cucurhita maxima L., Nicotiana 
megalosiphon Heurck et Muell, N. tabacum L. var. Samsun, But the 
Aligarh isolate also infect Datura stramonium L., Lycopersicon 
escufentum L., Raphanus sativus L. and Viciafaha L. 
Thermal inactivation point is 70"C in the strain of Stefanac whereas 
it is 60"C in Aligarh isolate. Dilution end point is also same i.e. lO^^  in 
both the isolates. Longevity in vitro is 7 days at room temperature in 
Aligarh isolate whereas it was just double in that of Stefanac. 
Electron microscopy showed polyhedral particles about 25 nm in 
diameter (Stefanac 1971) whereas about 26 nm diameter particles are 
found in Aligarh isolate. 
The antiserum prepared against partially purified Aligarh isolate has 
a specific titre of 1/512-1/1024 in precipitin tube tests. Same titre was also 
observed in the isolate reported by Stefanac. Antiserum raised against the 
RaMV showed different reaction to that of Stefanac isolate as it gave clear 
precipitin bands with CMV antisera but no reaction with CMV antisera 
was reported by Stefanac. 
Devergne et al. (1975) categorized CMV into two serotypes. 
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designated as CMV-ToRS and CMV>DTL. Both CMV-P and CMV-SS are 
closely related to the type strain of CMV (Tochihara and Tamura, 1976, 
Takahashi et al., 1980) which belongs to the CMV group DTL. 
CMV K8 has been reported to be more closely related to CMV-ToA 
which falls in the CMV group ToRS (Tobias et al., 1972). 
Immunosorbent electron microscopy revealed serologically a closer 
relation of Aligarh isolate of RaMV with CMV-K8 and CMV-SS. As 
RaMV is related to both the subgroups of CMV viz. DTL and ToRS it is 
concluded to be a definite serotype of CMV and as it gave the best result 
with CMV-K8 we can say that it belongs to the subgroup ToRS of CMV 
(cucumber mosaic virus). 
SUMMARY 
A mosaic disease of radish {Raphanus sativus L.) causing mosaic, 
mottling and reduction in size of roots was found prevalent in Kasimpur, 
Aligarh. The causal organism was investigated and designated as radish 
mosaic virus (RaMV). 
1. Radish mosaic virus had a moderate host range infecting 34 
different species of plants belonging to nine families. Most common 
hosts were of family solanaceae. The virus gave very distinct local 
lesions on Chenopodium amaranticoJar and was systemic in 
different varieties of tobacco. Brassica oleracea L. var. hotrytis and 
var. capitata were found to be symptomless carriers of this virus. 
2. It was transmitted mechanically by sap inoculaton and also by two 
aphid species Brevicoryne brassicae and Myzus persicae. 
3. Phosphate buffer (O.IM pH 7.0) was found to be the most suitable 
medium for virus maintenance. Sodium sulphite along with EDTA 
0.1% enhanced virus infectivity. 
4. TIP was eCC for 10 min. and DEP was 1 0 \ Infectivity was 
retained upto 7 days and 12 days at room temperature (20±5°C) and 
4"C respectively. 
5. The virus attained its maximum concentration in Nicotiana tahacum 
cv. Bhopali Pakra after 14 days of inoculation. 
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6. RaMV was isolated by a procedure involving extraction of the virus 
with 0.1 M phosphate buffer pH 7.0; clarification by 30% butanol; 
precipitation by 6% PEG with 0.1% NaCl followed by two cycles 
of differential centrifugation. 
*J. Contaminants were removed by rate-zonal density gradient 
centrifugation on linear sucrose columns. The RaMV exhibited a 
single light scattering band in sucrose columns and infectivity was 
also found in that. 
^. Purified preparation gave a spectrum typical of nucleoprotein. 
Nucleic acid percentage was found to be 18.43% as A2go/A2gpWas 
1.554. Nucleic acid isolated by phenol-chloroform method was 
found to be RNA by orcinol test. The extinction coefficient, buoyant 
density and partial specific volume were 5.30, 1.346 and 0.742 
respectively. 
9. SDS-PAGE of viral capsid showed only one type of protein subunit 
having a molecular weight of c 22000 daltons. 
10. The clarified preparation of virus negatively stained with 2% uranyl 
acetate showed isometric particles of diameter 26nm. 
11. Ultrathin section of infected A^ . tabacum cv. Bhopali Pakra leaves 
showed virus particles scattered in the cytoplasm. 
12. An antiserum was raised against RaMV which had a titre of 1:1024 
and the virus end point was 1:512 as determined by the tube 
precipitin test. 
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13. The virus was serologically related to two strains of cucumovirus 
viz. CMV-K8 and CMV-SS. 
14. In immunosorbent electron microscopy RaMV showed close 
relationship with A/S to CMV-K8 and CMV-SS as the maximum 
trapping and decoration was observed with these viruses. 
15. On the basis of its characteristics the virus causing mosaic in radish 
is identified as a strain of cucumber mosaic virus belonging to 
ToRS-subgroup of CMV. 
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